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HTDRODTRAHICS  OF  LIFTING  SORPACBS. 


Page  2. 


In  collection  are  represented  the  aaterials  of  scientific 
conference  on  the  hydrodynaaics  high  speeds,  ahich  was  taking  place 
28-30  October  1965  in  g.  Kiev  in  the  institute  of  the  hydr oaechanics 
of  KS  OkSSR.  In  the  work  of  the  conference  take  part  the  leading 
specialists  froa  Moscow,  Leningrad,  Kiev,  Novosibirsk,  Gorkiy,  Kazan, 
Kharkov  and  other  cities. 


Are  illuainated  the  urgent  tasks  of  the  hydrodynaaics  of  lifting 
surfaces  and  bodies  near  screen  or  interface  of  the  liguids  of 
different  densities  in  the  presence  of  the  developed  cavitation,  and 
also  soae  guestions  of  a reduction/descent  in  the  resistance  of 
aediua  to  notion  of  bodies. 


Is  intended  for  the  wide  circle  of  the  scientific  and 
engineering  workers,  graduate  students,  who  are  occupied  by  the 
guestions  of  the  hydrodynaaics  high  speeds. 
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The  preface 

28-30  October  1965  in  the  institute  of  the  hydroaecha nics  of  the 
Acadeay  of  Sciences  of  OArainian  SSR  (g.  Kiev)  passes  the  scientific 
conference,  dedicated  to  the  probleas  of  the  conteaporary 
hydrodynaaics  large  speeds,  which  will  draw  the  attention  of  wide 
scientific  coaaunity. 

In  the  work  of  the  conference  take  part  of  106  representatives 
froa  45  organizations  of  the  USSR,  including  leading  specialists  froa 
Moscow,  Leningrad,  Kiev,  Novosibirsk,  Gorkiy,  kazan,  Kharkov  and 
other  cities. 


Froa  scientific  organizations  were  represented  to  CSRI  funtiw- 
Central  Scientific  Research  Institute]  ia.  acad.  A.  N.  Krylov,  to 
TsAGI  [HArn  - Central  Institute  of  Aerohydrodynaaics  ia.  N.  Te 
Zhukovskiy  ia.  Prof.  N.  Te.  Joukowski,  Institut  hydrodynaaics  MITH 
the  AS  USSR,  Leningrad  ship-building  institute,  Leningrad  institute 
of  the  engineers  of  water  transport,  J^MIIHF,  Gorkiy,  Novosibirsk  and 
Odessa  institutes  of  the  engineers  of  water  transport,  Kazansky  and 
Kiyevskiy  the  state  universities,  institute  the  aechanics  of  NGO 
' Moscow  State  University],  Kazansky  and  Khar'kovskiy 
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institutes  of  the  engineers  of  the  civil  aviation  and  a series  of 
others. 

At  conference  read  and  discussed  41  reports  on  the  urgent 
guestions  of  the  aeroh ydrodynaaics  of  high-speed/velocity  objects, 
representing  large  theoretical  and  practical  interest. 

In  the  report  of  I.  T.  Tegorov  (Leningrad)  was  aade 
survey/coverage  of  works  on  the  hydrody naaics  of  hydrofoil,  in  the 
reports  of  A.  8.  Panchenkova  (Kiev)  were  exaained  the  task  of  the 
unsteady  notion  of  wing  with  alternating/variable  distance  fron 
screen,  are  discussed  sone  guestions  of  the  statenent  of  the 
boundary-value  problen  of  the  hydrodynanics  of  the  cavitating 
hydrofoil. 

The  report  of  K.  K.  Pedyaevskiy  (Moscow)  was  dedicated  to  the 
exanination  of  the  approxinate  nonlinear  theory  of  rectangular 
low-aspect-ratio  wing,  noving  near  liquid  screen  with  Froude*s  large 
nuabers.  The  notion  of  the  wing  near  a screen  is  exaained  also  in  the 
reports  of  V.  P.  Shadrin  (Leningrad) , P.  I.  Zinchuk  (Kiev) , by  A.  N. 
Lukashenko  (Kiev),  T.  I.  Menshikov  (Kharkov),  E.  of  A.  Paravyan 
(Leningrad),  A.  N.  Panchenkova  and  A.  I.  Tukhineoko  (Kiev). 


To  the  dynanics  of  takeoff  and  landing  the  apparatuses,  which 
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use  effect  of  screen,  was  dedicated  the  report  of  V.  I.  Rudoaanova 
(Kiev),  but  of  the  static  stability  of  their  aotion  - I.  Koreleva 
(Kiev)  . 

A series  of  reports  was  dedicated  to  the  studies  of  the 
hy droaerodynaaic  wing  characteristics  and  wing  systens  during 
different  aode/conditions  and  the  under  conditions  of  their  aotion  - 
Ta.  of  P.  Parberova  (Leningrad),  Yu.  n.  Polishchuk  (Kiev),  V.  B. 
Kurzin  (Novosibirsk),  S.  I.  Putilin  (Kiev),  G.  V.  Sobolyov 
(Leningrad),  H.  A.  Basin  (Leningrad),  by  A.  I.  Yukhiaenko  (Kiev),  Ye. 
N.  Grafova  (Leningrad),  T.  G.  Savchenko  (Kiev),  S.  F.  Orlov  (Gorkiy)  , 
L.  I.  Maltsev  (Novosibirsk) . 

In  the  reports  of  V.  H.  Ivchenko  (Kiev)  were  exaained  the 
unsteady  tasks  of  the  hydrodynamics  of  the  supercavitating  bodies  and 
carrier  systeas  with  application/use  ETsTH  “ digital 

coaputer  ]. 

Page  4. 

Large  interest  will  cause  the  reports  of  G.  A.  Biazanov 
(Leningrad)  about  the  electrical  siaulation  of  the  flow  about  the 
finite-span  wings  and  V.  V.  Kopeyetskiy  about  the  application/use  of 
a aethod  of  aagnetic  aodels  to  account  for  the  effect  of  blade 
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thickness  during  the  design  of  screw  propeller  with  the  assigned 
pressure  differential  on  blade/vanes. 

To  the  boundary-layer  calculations  and  profile  wing  drag  in  the 
presence  of  suction  was  dedicated  report  L.  F.  Kozlova  (Kiev),  the 
data  on  the  effect  vortex  foraation  on  the  wing  drag  and  body  of 
revolution  were  presented  in  the  report  of  A.  M.  Nkhitaryan  and  V.  A. 
Fridland  (Kiev) . 

On  the  experimental  aodel  tests  of  the  high-speed/velocity 
apparatuses  of  different  systeas  will  iapart  in  his  reports  E.  G. 
Pasechnik. 

In  the  report  of  Ye.  P.  Udartseva  (Kiev)  are  examined  the 
aethods  of  the  laainarization  of  the  boundary  layer  of 
electro-hydrodynaaical  flows. 

Tu.  K.  Biktiairov  (Leningrad)  will  aake  a report  about  the 
special  feature/peculiarities  of  the  construction  of  velocity 
potential,  caused  by  the  aotion  of  source  in  liquid,  R.  B.  Nudel*aan 
(Kharkov)  will  cone  forward  with  report  about  the  notion  of  body  in 
nultilayer  liquid. 


The  report  of  A.  n.  nkhitaryan,  T.  S.  Haxinov  and  P.  S.  Laznyuk 


DOC  = 77010784 


PAGE  6 


(Kiev)  was  dedicated  to  the  investigations  of  the  flow  of  the 
semi-bounded  slot  jets,  spreading  in  slipstream. 

With  short  report/communications  will  come  forward  Ye.  G. 
Sheshukov  (Kazan)  and  Yu.  K.  Biktimirov  (Leningrad). 

After  the  discussion  of  reports  and  rotting  on  the  sums  of 
conference  is  unanimouslY  accepted  the  solution,  in  which  was 
emphasized  the  importance  and  the  urgency  of  the  tasks  of  the 
hydrodynamics  high  speeds  and  is  recommended  conducting  more 
widespread  investigations  in  this  field,  including  the  investigation 
of  the  unsteady  tasks  of  aerohydrodynamics. 

Conference  will  note  also  certain  lag  of  Soviet  science  in  the 
field  of  the  supercavitating  wings  and  it  recommends  to  develop  works 
on  research  on  the  spatial  problems  of  cavitation. 

Page  24. 
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THE  APPROXIMATE  NONLINEAR  THEORY  OF 
WING,  WHICH  MOVES  NEAR  LIQUID  SCREEN 


RECTANGULAR 
WITH  PROUDE 


LOW-ASPECT-RATIO 
'S  LARGE  NUMBERS 


K.  K.  Fedyayevskly 
(Moscow) 


Work  represents  by  Itself  the  development  of  approximate 
nonlinear  theory  [2]  of  rectangular  low-aspect-ratio  wing,  which 

moves  in  unbounded  medium  near  liquid  screen  with  Froude ' s large 
numbers . 
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If  we  from  the  experimentally  determined  value  of  torque/moment 
deduct  the  torque/moment  of  inertia  nature,  i.e.,  the  torque/moment, 
which  corresponds  to  the  noncirculatinq  flow  of  potential  flow  about 
the  body,  and  difference  to  divide  into  normal  force,  then  obtained 
thus  the  coordinate  of  center  of  pressure  will  correspond  to  purely 
circulation  (viscous)  flow.  Let  us  call/name  point  with  this 
coordinate  the  center  of  bound  vortex.  Let  us  designate  the 
coordinate  of  the  bound  vortex 

..  ^iSKCn  — 

Xa  — . ( ] ) 

Dimensionless  coefficient  of  the  center  of  the  bound  vortex 


In  these  formulas  y^  normal  force;  b is  a root  wing  chord.  As  is 
known,  in  the  adopted  system  the  coordinates 

= —(/■,_  sin  2a, 

where  ^2  ^ volume  of  the  apparent  additional  mass  of  liquid  during 

the  notion  of  wing  in  transverse  direction;  k|  - 


similar  volume 


A 
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during  motion  lengthwise.  For  the  fine/thin  wings  kj  = 0. 

Page  25. 

The  experimental  values  of  the  center  of  bound  vortex  turn  out 
to  be  considerably  more  stable  in  comparison  with  the  center  of 
pressure,  which  of  low-aspect- ratio  wings  intensely  moved  to  trailing 
edge  with  an  increase  in  the  angle  of  attack.  The 
conclusion/derivation  about  the  stability  of  the  center  of  bound 
vortex  finds  confirmation,  also,  during  the  study  of  flow  beyond 
wing.  This  gives  grounds  as  the  first  basic  hypothesis  to  consider 
that  the  position  of  the  center  of  bound  vortex  for  this  wing 
planform  does  not  depend  on  angle  of  attack. 

The  comparison  of  load  distribution  according  to  the  wing  chords 
of  low  elongation,  designed  according  to  linear  theory  and  obtained 
experimentally,  shows  that  during  the  determination  of  the  position 
of  the  center  of  bound  vortex  it  is  possible  to  utilize  values  of  the 
center-of- pressure  coefficient  and  by  the  derivative  of  lift 
coefficient  in  root  cross  section,  obtained  in  linear  theory. 

Then  for  a wing  with  symmetrical  airfoil/profile,  opening 


indeterminancy/uncertainty  in  the  second  term  of  expression  (1),  for 
a zero  angle  of  attack  we  obtain 


t 

t 
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where  2r  - the  spread/scope  of  the  equivalent  bound  vortex  of 
constant  intensity. 


As  the  second  hypothesis  for  rectangular  and  elliptical  in 
plan/layout  wings  let  us  assume  that  the  spread/scope  of  bound  vortex 
is  equal  the  mean  geometric  spread/scope  of  wing,  i.e.. 


The  experiments,  carried  out  for  determining  the  zone  of  eddying 
about  the  end/faces  of  wing,  and  also  the  spectra,  obtained  in  water 
tunnel,  confirm  this  assumption. 


i 


) 


Further  let  us  accept  for  low-aspect- ratio  wings  elliptical 
circulation  distribution  according  to  spread/scope,  i.e.,  let  us 


r 
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set/assuae 


4 rdCy 
n ( da 


Page  26. 


Then  we  obtain  woe  king  focnula  for  detecnining  the  distance  of  the 
center  of  bound  vortex  froB  the  leading  edge: 


V \ /a=0  ^ 

An  - -f-  ————— 


n [ da  j n { da 


The  calculation  lethods,  developed  in  S.  H.  Belotser kovskiy* s 


book  [ 1 ]»  Bake  it  possible  to  deteraine  all  values,  entering  this 
fornula,  for  the  case  of  notion  near  free  interface  at  Froude*s  large 
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nuBbers,  i.e.,  when  on  floating  surface  the  disturbed  speeds, 
parallel  surfaces,  will  be  equal  to  zero.  Figure  1 gives  the 
dependences  of  coefficients  Xa  for  a rectangular  wing  with  X = 0.25 

7-  T1  _ 

on  the  value,  reciprocal  to  relative  insertion  = (here  ? - the 

insertion  of  leading  wing  edge,  I ~ the  vingspan) • 

! 

I 

! 

Figure  1 shows  that  with  a decrease  in  the  insertion  of  wing  the  ' 

center  of  bound  vortex  first  is  aoved  to  leading  wing  edge,  and  then 

i 

it  begins  to  be  aoved  to  rear.  This  is  explained  by  the  fact  that  the  i 

i 

coefficient  of  the  center  of  pressure  in  linear  theory  barely  depends  j 

on  insertion;  the  moment  derivative  coefficient  of  inertia  nature  (it 

is  expressed  as  the  aoaent  coefficient  of  inertia  nature  (it  is 

expressed  as  the  coefficient  of  the  connected  aass  it  falls  with 

a decrease  in  the  insertion,  whereupon  this  incidence/irop  at  first  ! 

very  is  intense,  and  subsequently  aoaent  coefficient  is  stabilized; 

the  coefficient  of  derived  lift  falls  with  a decrease  in  the 

insertion,  but  this  incidence/drop  especially  is  intense  of  very 

interface.  However  practical  value  have  the  aainly  descending  legs  of 

a carve  x„(-L-),  since  with  very  low  values  h no  longer  is  realized  the 
h . 

nonseparated  flow. 
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For  the  satisfaction  of  boundary  condition  about  equality  zero 
of  caused  speeds,  parallel  to  the  undisturbed  surface,  by  taking  into 
account  in  this  case  taper  8 free  vortices,  it  is  necessary  to 
arrange  higher  than  the  interface  the  fictitious  eddy/vortez,  which 
is  the  representation  of  lower  eddy/vortex  relative  to  the 
undisturbed  surface,  as  this  is  shown  in  Fig.  2. 

The  intensity  of  horse  shoe  vortex  let  us  deteriine  fro*  the 
condition  of  the  execution  of  Chaplygina  - Joukowski's  postulate 
about  the  descent  of  jets  under  the  rear  point  of  root  wing  section. 
The  caused  at  this  point  velocities  nust  be  detersined  not  only  froa 
lower  horse  shoe  vortex,  but  also  fros  fictitious  upper  eddy/vortex. 

In  accordance  with  what  has  been  said,  it  is  above,  is  arranged 
rectangular  low-aspect-ratio  wing  under  floating  surface  so  that  when 
angle  of  attack  is  present,  a leading  wing  edge  has  insertion  7^ 

(Fig.  3).  The  lower  bound  vortex  is  arranged  at  a distance  fcon 
leading  edge.  Then  the  coordinates  of  point  A for  the  coordinate 
systen,  connected  with  the  upper  bound  vortex,  will  be 
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k 


1 

■ i 


I 

I 

i 


In  formulas  (2)  of  the  line  above  x and  ^ they  designate,  that 
these  linear  dimensions  are  referred  to  wing  chord  b.  Cosine  of  angle 
DAE 

cos  d = + Sin  a)* 
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Fig.  2. 

Key:  (1).  Side  view.  (2).  Front  view.  (3).  Floating  surface.  (4). 
Plan  view.  (5).  Velocities  caused  by  bound  vortexes.  (6).  Velocities 
caused  by  free  vortices. 


Page  28. 

Velocity,  caused  at  point  A along  the  noraal  to  chord  by  bound 

vortex  D'D'*, 


V 


I/O 


iVj  cos  6 


(4) 


where  r 2r  - the  dieensionless  coefficient  of  the  intensity  of 
“‘‘‘vb 

horse  shoe  vortex. 


Velocity,  caused  at  point  A along  the  nornal  to  chord  by  the 
pair  of  free  vortices,  exiting/waste  froe  bound  vortex. 
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The  velocity,  caused  at  point  A along  the  noraal  to  chord  froa 
bound  vortex  E'E'*  and  the  pair  of  free  vortices,  exiting/vaste  froa 
this  bound  vortex,  will  be 


+ W = -%- 

i/2  1 

-o-cos(a  — P) 

+ ^ 

1 .|_  (1  — A-n)COS(a  — ji)  1 

(1  — x„)*sin*(a  — P)  + 

!)■ 

(6) 


The  d iaension 1 ess  coefficient  of  the  intensity  of  horse  shoe 
vortex  let  us  deteraine  frca  the  condition  of  the  execution  of 
Chaplygina  - Joukovski's  postulate  under  point  A of  root  wing 
section: 


+ (a'2)o  + (w^)g  + + sin  o =•  0. 


(7) 
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Hence 


4nsin  a 


^^2  X/2  cos  (a  — P) 

(1— -^n)|/^(l— (1— Xn)*sinHu— ^Aj  X 


X 


1 + 


(1  — Xn)  cos  (a  — P) 


]/  (1-in) 


k V 
2 


+ 


kil 


-= COS  6 

/ <1  v 2 • 


^ xo  ~ yo  XD-j-yh^[^ 


+ 


k/2 


1 +' 


Xo 


I “2  . f k \ ^ 


xd  + yo 


cos  (a  + P) 


(8) 
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Oownwash  at  points  E*  and  E**  let  us  detecaine  fron  the  ratio  of 
the  vertical  component  of  velocity  to  the  horizontal  component  of 

the  velocity  in  points  E*  or  E''. 

The  velocity,  induced  with  bound  vortex  D*D*',  vill  be 
horizontal ; 

. (Q) 

^ 2 (n  4-  x'u  sin  a)  -j-  x„  sin  u)'*  4- 


Page  30. 

two  free  vortices,  exiting/waste  from  bound  vortex  D'D*',  will 


give  horizontal 
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Free  vortex,  exiting/waste  from 
give  the  horizontal  component  of  the 


bound  vortex  at  point 
velocity 


E', 


( K'2Jr)B  = — 


Cy,  sinj 
X 


(12) 


will 


and  the  vertical  component  of  the  velocity 


Cy,  COS  P 
8n  “xT ' 


(13) 


By  store/adding  up  vertical  (11)  and  (13)  and  horizontal 
velocities  of  incident  flow  v at  horizontal  speeds  (9),  (10)  and 
(12),  we  will  obtain,  taking  into  account  smallness  of  angle  p (tg  p 
* sine  P = P and  cos  8=1), 


; 

8-n  i 


r 

X i 1 


K,- 


4 (ii  -i-  Xn  sin  oi)^  + 

2 + x„  sin  g)  P 

4 (r]  -j-  x„  sin  f<)^  +X,^ 


+ ■ 


(14) 


1 — “• 
8Jt 


2 (n  + sin  a)  V^4  (r|  + x„  sin  a)* 

xp  ^ 

4 (r)  + -tsin  a)'  +X* 

2 (ti  + sin  g)  P 
^4  (ti  + Xa  sin  a)“4-X* 


-h 
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The  determination  of  the  coefficient  of  the  intensity  of  horse 
shoe  vortex  is  conducted  according  to  formulas  (8)  and  (14)  by 
consecutive  propositions.  For  calculating  coefficient  Cy.  in  the 
first  approximation,  is  accepted  the  angle  of  the  taper  of  free 
vortices  p in  zero  approximation. 

After  determining  in  the  first  approximation,  they  find, 

utilizing  dependence  (14),  the  angle  of  taper  p in  the  first 
approximation,:  on  this  rake  angle  from  formula  (8)  is  calculated  the 
coefficient  Cy.  the  second  approach/approximaticn  etc. 

Figure  4 and  5 depicts  the  results  of  the  indicated  calculations 
respectively  from  I to  V approach/apprcximations  for  a ving  with 
elongation  X = 0.25  and  relative  insertions  A— j — 1,7  (n— X-0,425). 

From  figures  it  is  evident  that  for  calculation  Cy,  at  angles  of 
attack  to  15®  of  third  approach/approximation  it  is  sufficient.  At 
angle  of  attack  into  25®  it  is  required  five  approach/appr oxiaations. 

As  zero  approximation  for  the  angle  of  the  taper  of  free 
vortices  for  the  first  calculation  it  is  expedient  to  take  3 « 1/4  a. 
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and  for  the  subsequent  calculations  - the  values  8,  obtained  for 
another  (nost  close)  insertion. 

For  deteraining  the  noraal  force,  which  acts  on  fine/thin  wing, 
it  is  necessary  to  determine  the  longitudinal  coaponents  of  the 
velocities,  induced  by  free  vortices  E*  and  E'*,  and  also  by  horse 
shoe  vortex  D’D"  in  the  central  cross  section  of  bound  vortex. 
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Fig.  4. 

Key:  ( 1)  . deg. 

Pig.  5. 

Key:  (1).  deg. 
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Velocity,  induced  by  free  vortices  E*  and  E"  in  the  central 
cross  section  of  bound  vortex, 

(mx,)E  = sin  (a  — P).  (15) 

Further  we  conpute  the  longitudinal  coaponent  of  the  velocity,  caused 
by  bound  vortex  D: 


(wixJd  = 


Cu.  cos  ai 


16n  (t)  -i-  x„  sin  a)  T/  4 (ti  + Xn  sin  a)»  + 


(^-r 


(16) 


Finally,  the  longitudinal  coaponent  of  the  velocity,  caused  by  free 
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vortices  D*  and  D**, 


/-  ^ C,.k 

( W2x^D  — -o 


sin  (a  -f-  P) 


Sn  , - — 

4 (n  + ->^0  sina)^cos*P+ 


^ (n  + sin  a)  sin  P 


/ 


4 (tH-  JTo  sin  a)'*  ■ 


(—Y 

\2  j J 


(17) 


Taking  into  consideration  that  on  the  line  of  bound  vortex  E is  a 
longitudinal  coaponent  of  d iaensionless  velocity  of  incident  flow, 
equal  cos  a,  applying  the  Joukowski  theorua,  we  obtain  this 
expression  for  the  coefficient  of  the  noraal  force  of  the  fine/thin 
wing: 

lcos  a + ( a>ii,)e  + ( uitxjo  + ( (18) 


For  fine/thin  wings  as  a result  of  flow  breakaway  on  leading 
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edge  the  suction  force  is  not  realized,  and,  design/projecting  the 
coefficient  of  nornal  force  for  drag  axes,  we  will  obtain  for  the 


lift 


Cff  — C (/|  cos  Cl 


(19) 


and  for  the  coefficient  of  an  increase  in  the  resistance,  caused  by 
the  presence  of  angles  of  attack. 


Cg  “■  sin  CE. 


(20) 
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The  coefficient  of  the  longitudinal  moaent  with  respect  to 
leading  edge  is  equal  to  the  sua  of  the  aoaent  coefficients  of 
vortex/eddy  nature  and  torque/aoaent  of  inertia  nature  and  of  the 
adopted  by  Pig.  3 systea  of  coordinates  is  record/written  in  the  fora 

_ k 

m,  = -f /n„H  = C,  x„  — ^-sin2«.  (21) 

Finally,  the  dimensionless  coordinate  of  center  of  pressure 
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I 


i 


t 

i 


I 


sin  2a 

sb~CZ'' 


I 

1 


(22) 


Figure  6-8  gives  the  results  of  the  calculations  of  the  lift 
coefficients,  coefficients  of  an  increase  in  resistance  and 
center-of- pressure  coefficients  of  fine/thin  wing  with  elongation  X = 
0« 25  with  several  relative  insertions. 


J 
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(I)*  Calculation.  (2).  Expariaent.  (3).  deg. 


Pig.  7. 


Key:  (1).  Calculation.  (2).  Experiaent.  (3).  deg 
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F I'c^. 


Calculation;  (2)  Experiment;  (3)  deg 


I 


Page  34. 

Theoretical  curves  for  very  soall  relative  insertion  h = 0.284 
lie/rest  above  experimental  points,  that  it  is  possible  to  explain  by 
the  presence  during  this  insertion  of  flow  with  filled  by  air  by 
vortex  lines. 


The  essential  nonlinearity  of  noaent  coefficient  leads  to  the 
fact  that  the  center  of  pressure  sufficiently  intensely  aoved  to 
trailing  wing  edge  with  an  increase  of  angle  of  attack. 


It  is  interesting  to  note  that  a decrease  in  the  relative 
insertion  in  the  en.  of  tiae,  virtually  without  changing  lift 
coefficients,  noticeably  aanifests  itself  the  center-of-pressure 
location.  Hith  a decrease  in  the  relative  insertion  the  center  of 
pressure  is  aoved  to  leading  edge,  which  also  is  confiraed  by 
experiaent. 

Gnii^ioo 
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1 


DOC  = 77020784 


PAGE 


<r33 


HAVE  LOAD  ON  THE  VERTICAL  WING  OF  MAXIMALLY  LOH  ELONGATION. 


G.  V.  Soboly^v. 

(Leningrad) . 

On  the  basis  of  common/general/total  theory,  presented  in 
monograph  [3],  it  is  possible  to  manufacture  the  calculations  of  the 
different  of  the  shape  of  the  lifting  surfaces,  which  worX  on  the 
interface  of  different  density.  For  the  case  of  the  vertical  wing  in 
this  work  is  also  obtained  the  integral  equation  of  circulation 
distribution  in  the  prerequisite/premises  of  the  supporting  line, 
which  is  justified  for  the  wings  of  the  average  and  great 
lengthenings.  With  the  smallness  of  lengthening  it  is  necessary  to 
assume  the  unknown  load  of  variable  both  chordwise  and  in 
spread/scope.  In  this  case  the  task  becomes  mathematically  very 
complex.  In  this  article  is  made  the  attempt  to  bring  the 
unpacking/facings  of  solution  to  end  in  the  extreme  case  of  the  wing 
of  very  low  lengthening. 


He  have  obtained  integrodif ferent ial  equation  for  the 
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distribution  of  the  transverse  load,  appearing  during  mQ4ion*near  the 
floating  surface  of  vertical  fine/thin  wing.  The  case,  when  the  chord 
of  fine/thin  wing  coincides  with  the  undisturbed  surface  of  liquid 
and  its  relation  to  spread/scope  t is  great  (i. e.  wing  aspect  ratio  7 
is  especially  interesting  for  ship-builders.  This  hypothetical  case 
can  be  used  as  schematic  for  the  calculation  of  load  on  ^hipPoard 

housing  so  on  its  motion  with  drift  angle  p.  In  the  general  case'  of 

r 

curvilinear  motion  this  angle  will  be  variable  along  the  length  p 
(X)  . 


Integrodifferential  equation  of  the  relatively  dimensionless 
coefficient  of  pressure  u (x,  z) , obtained  with  the  assumptions, 
common  for  the  linear  theory  of  waves  and  airfoil  theory 


2n 


JJ 

[/2i 


du  (;,  1) 
di 


. + r-T;  6.  Oj  dldl  (1) 


where 


^ 

‘-T 


COS 


pi 


1 t{z 
,exp 


0 


dt. 


JL 


I 
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Page  36. 

The  relative  velocity  P = and  all  coordinates  are  referred  in 
this  expression  to  the  chord  length  of  wing  - t,  but  the  position  of 
beginning  and  the  direction  of  axle/axes  is  shown  in  Fig.  1. 


To  first  two  teras  in  equation  (1)  it  is  logical  to  shape  in  the 
fora,  similar  to  the  case  of  the  motion  of  wing  near  solid  screen.  In 
this  case  they  can  be  united  into  one  member  with  the  symmetrical 
limits  of  integration  on  C: 
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This  recording,  of  course,  introduces  the  inaccuracy,  i^hich  consists 
under  the  assumption  of  the  symmetry  of  distribution  u (z)  in  real 
and  mirror  reflected  relative  to  floating  surface  planes.  However,  if 
we  restrict  the  examination  by  the  case  of  the  small  numbers  Fr,  then 
the  proximity  of  the  unknown  load  distribution  to  limiting  case  Fr  — » 
0,  by  which  it  elliptical,  can  be  considered  obvious. 
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Page  37. 


Equality  (2)  is  integral  equation  of  Volterra's  type  relative  to 
the  function,  which  deteraines  the  character  of  the  dependence  of 
load  along  the  length  of  chord.  The  law  of  span  loading  depends  in 
essence  on  singular  term  in  the  first  integral.  For  the 


i 
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isolation/liberation  of  this  special  feature/peculiarity  let  us 
nanufacture  the  regularization  of  equation  (2)  for  Carleman-Hekua' s 
■ethod  [ 3 ]. 


Let  us  transpose  regular  wave  aiei*ber  into  the  left  side  and  for 
the  noment  that  consider  this  part  assigned.  Then  let  us  lanufacture 


the  inversion  of  Cauchy  integral  in  right  side  relative  to  function 


/2 


Solution  let  us  search  for  in  the  broadest  class  of  the 

functions,  unconfined  at  the  ends  of  the  interval/gap  of  integration 

cn  5: 


r ;) 

' cU 


dl 


1/2 


n'/P— 


2?  (JC)  I dx  + 


J 


. (3) 


The  entering  the  inversion  fornula  arbitrary  constant,  in  the  case  in 
question  which  is  the  function  of  the  longitudinal  coordinate  f (x) , 


J 
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subsequently  aust  be  determined  from  the  condition  of  the 
satisfaction  of  solution  Chaplygin-to  Jcukcwski's  postulate.  For  the 
calculation  of  integrals  in  terms  of  auxiliary  variable  r let  us 
introduce  the  trigonometric  coordinates 

2 = — I cos  6;  J = — I cos  0 h t = — / cos  (p, 

we  will  obtain 


f dl  - 2P  w / f 

J uu  J cos(p  — cosG 


du  (=,,  0)  sin2(p/;(A:.  c;,  (p,  \J)  , 

— -.—  dvd^dip, 

aO  cos  (p  — cos  (j 


The  being  obtained  here  integrals  take  the  fora 
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^^0 


B — — 6cos(p  ^ 

cos  <p  — cos  6 


(5) 


where  b = 0 for  first  integral  in  right  side  and  b = — = — for  the 

F] 

second  integral. 

Page  38. 

Let  us  note  that  on  the  strength  of  the  evenness  of  integrand  in 
(5)  value  B can  be  calculated  as  half  of  integral  with  the 
synmetrical  limits:— w-v.  Now  let  us  introduce  new 

alternating/variable  transforming  B into  contour  integral  of 

complex  variable  z: 


|4t 


(2*— I)’exp— (z*  + 


— 2ecose  + 1) 


1) 

— dz 


s 

/tince  coefficient  b it  is  always  positive  value,  singular  poir4t 
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froi  neaber  it  is  not  obtained  and  for  calculation  B necessary  to 
obtain  the  deductions  of  the  function 


C 


(2'-l)exp- 

f(7)=, 

^’(^’-22cos()~l)  “ 


in  the  twofold  pole  z = 0 and  at  the  points 


z,  = cos  8 ± <■  sin  e (t  = 1 , 2), 


being  the  roots  of  the  equation 


z’  — 2z  cos  8 -j-  1 = 0. 

The  first  special  feature/peculiarity  it  gives  zero  deduction 
because  of  seaber  which  in  the  case  of  conjugate  roots  z<  it 

takes  fora  exp  - b cos  0. 


Therefore 


= Re  1 2.tt  — Res/  (z)  | = Re  V — 

' ^ I ^ 2zJ  — 3 cos  6zf  + Z/ 
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After  the  substitution  of  values  Zi  and  of  separation  on  real 
and  iaaginary  part  we  obtain 

B = — n cos  6 exp — f»cos8.  (6) 

Taking  into  account  value  (6)  equation  (4)  assuaes  the  fora 


^ dl  = —2^  (x)  / cos  6 — -I,  cos  0 


1/2 


4 

nFj 


n/2  X 

'•  rdu{i.'&) 


J'j 

0 u 


oo 

jV'-i- 


cos^^ — exp  — -j-(cosO+cos9)dW6dO-|-/(x). 


Ft 


(7) 
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Let  us  take  in  parts  integral  of  *,  taking  into  account  that  u A) 
Bust  be  equal  to  zero  as  at  the  butt  end  of  the  wing,  that  and  on 
floating  surface.  By  aaking,  farther«ore,  integration  for  »,  let  us 
return  in  equation  (7)  to  priaitive  function  u: 
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p ^ (t  tin  ' 

J “ = — 2P  (jc)  / sin  f)  + ^ | 1 cos  (p  1 u (|,  0)  sin  0 x 

1/2  0 0 


^ J ~ ^ exp  — (cos  0 -f  cos  (p)  dtdOdl  + / (^). 


<8) 


Tor  determining  the  character  of  load  distribution  chordwise  of 
wing  let  us  pass  from  specific  pressure  to  load  per  unit  of  length  y 
(X)  : 


0 


u{l.z)dz 


a/ 

'I 


0 


u [I,  6)  sin  6 d9. 


Then  equation  (8)  is  written  as  follows: 
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.wry/ 


^ n/2 

J y(^)c(5  = -2PW/*  J sin2ed6  + 

1/2  0*^ 


X n/2 


n/2 


CO  ^ 

+ ^2  j*  j*  sin  6 j*,cos  9 j*  u (g,  O)  sin  j*  Yl"^  —t  cos  -~^3 — - x 
1/2  0 0 0 


X exp r (cos  0 -4-  cos  9)  didMfpdbdl  + /j  (x).  (9) 

Fl 


Let  us  assuse  now  that  the  unknown  function  of  load  distribution  u 
(X,  0)  can  be  represented  in  the  for*  cf  the  product 

u(x,b)=.y(x)z{^).  (10) 

Physically  this  it  aeans  that  the  law  of  span  loading  is  assuaed 
to  be  one  and  the  saae  in  all  cross  sections  of  wing  chord.  Recall 
that  the  load  on  the  wing  of  Baxiaally  low  lengthening  in  infinite 
liquid  is  sharply  localized  on  the  spout  of  wing.  Exaaine/considered  ! 

j 

I 
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by  us  the  case  of  the  noderate  velocities  cf  notion  on  interface  nust 
be  close  to  this  naxiaun. 

Page  40. 

Therefore  relationship/ratio  (10)  is  completely  justified.  Taking 
into  account  it  in  (4),  ve  have 

« X 

I yKl)dl  = — P ix)  P — \ Y (s)  k (x,  1)  di  -f  h ix),  (1 1) 

iU  1/2 


uhere 


41  ’'P  ,*  * 

k (X.  g)  = — j sin  6 I cos  (p  j 2 (0)  sin  0 j cos 


^2  (cos  0 -{■  cos<p)  dld^&d^>db.  (12) 
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Differentiating  (1 


1)  with  respect  to  x,  we  obtain 


dkjx.l) 

dx 


dl. 


easy  to  see,  that  the  first  neaber  in  right  side  coincides  with 
that  which  was  obtained  by  us  by  solution  [ ] for  case  Fr  * 0: 
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I 

ii 

■.t 


i 


Value 


YoW  = -y|^[PW />(*)]. 


(13) 


k U,  X)  = ‘ 


n/2 


— j J sin  0 J cos  <p  e (i))  sin  0 f exp  ■ 

0 0 u r* 

j^7  (*-®®  ^ + COS  (p)  dtd{yd(pdQ 


is  the  solidity  ratio  of  the  diagraa/cucve  of  the  distribution  of 
wave  load  according  to  spread/scope  (sinking) 

— k(,x,x)  = a=  f{F). 

Designating  kernel  of  integral  equation  P (x,  5)  = dk  (x,  ?)  /dx,  we 
have 
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Y (^)  ( 1 a)  = Y„  W + j"  Y (i)  F (-.  1)  dl  + /,  {x).  (14) 

1/2 


Let  us  note  that  the  entering  the  expression  a integral 


CO 

D = j K/’  — t exp  — dtdt, 
1 


where 


d = (cos  0 4-  cos  qi) 


1 


is  tabular  (see  [2]  3.  383  (3)): 
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(•^1  (<i/2)  - the  function  of  Macdonald). 


Page  41. 


Taking  into  account  this  value  in  a,  we  have 


n/2 


n/2 


® J Sin  Ox 


i,f5?L2.+  c5i9'|^^„_^co3» 

\ 2r  I 


COS  (p 


COS  0 -j-  cos  (p 


2F\ 


dOJcpdfl. 


(15) 
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•Since  very  greatly,  let  us  replace  the 

value  of  the  function  of  the  Macdonald  and  exponential  for 
asymptotic.  For  this  is  expressed  kj  (d/2)  through  the  degenerate 
hypergeometric  function  the  character  of  behavior  of  which 

with  low  X is  known. 

Since 


(X)  = (2xrw(l-  + v;  1 + 2v;  2x\ 


f d 


-fei  y ) = (3/2;  3;  d). 


(16) 


With  low  d we  have 


Y{a. 

1 (a) 


with  an  accuracy  down  to  the  t 


eras  with  /%/.  This  it  gives 
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3.  d\-} 


(17) 


Talcing  into  account  (16)  and  (17),  we  obtain 


n/2  I ji/2 

4f2  p . - 

a = sin  0 

JC 


Jcos^J  (IS) 


Page  42. 


After  changing  in  this  expression  the  order  of  the  integration: 


«/2 


n/a 


— I 2(0)sin0  sin  6 I 

J J J (cosd+coS9)«'^^''’^' 
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let  us  conpute  integrals  in  terms  of  ♦ and  9,  ty  reject/throwing 
terms  with  the  low  values: 


a 


n/i 

z (9)  cos  0 


IncosOJO. 

sm  0, 


(19) 


Accepting  as  first  approximation  z (»)  = sine  d,  we  obtain 


a 


z (0)  cos  0 In  cos  Odd  = 


0 


V 


[YJ 


(see  [2]  4.387  (1)).  Taking  into  account  the  value  of  p-function  B 
(1/2;  1)  and  difference  y - Euler  f unctions v' — 'F  , we  have  the 

final  value  of  solidity  ratio  of  wave  load  diagram  on  the  wing  of  the 
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vaxiaally  low  lengthening: 


I investigate  now  the  character  of  load  distribution  chord  wise, 
described  by  eguation  (14).  Investigating  the  integral 


C = — t exif  — td  cos  a I dl. 


where 


~s 


ve  will  obtain  expression  F (x.  €)  in  an  explicit  for-.  Expanding  cos  aVf 
in  power  series,  we  have 


Assuming,  that  termwise  integration  it  does  not  disturb  the 
convergence  of  this  series,  we  obtain 


r „-w/2 

c 2"  e 


/ I '2nl  ^ ° ^-1 

2 * 9 

OkU 


(see  [2]  3.383  (4)).  Expressing  Whittaker  function  (a)  through 


the  degenerate  hy pergeonetric  function  Wia:  c — 

' X 
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c;  x); 

1 

o = 2'  — X -f  h; 

c = 2(i,  -f-  1, 


we  obtain 


C 


y(-  D"  Jj'i' 


tit0"O 


n + Z,d 


(22) 


Replacing,  as  earlier,  expression  xf  by  its  asynptotic  value  with  d 
0,  in  which  it  nakes  sense  to  leave  the  tens  not  higher  than  second 
order  of  snallness,  we  have 
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~S  — f-  V 1 )"  - 

^3  ’.I  '■)  /0_\M 


(2n)ri  (2n)ll  ~ Qa  -^oCa). 


(23) 


where  Jj,  (a)  - the  Bessel  function  of  zero-order. 

Taking  into  account  these  conversions  equation  (14)  will  be 
written  as  follows: 


Y (•»•)  = ■,  Yo  M 

1 -t-o  ^ n(l  -fa) 


Y(5)7i 


1/2 


(24) 


As  is  known  fron  the  theory  of  integral  equations  of  Volterra’s  type. 
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solution  (24)  can  be  written  in  the  forn  of  the  series 


yw  = V 

n—0 


Y/.W 


(I  + a)"+‘ 


(25) 


where 


(X) 


' Jo  ■ Y„  (S)  dl 


(26) 


Page  44. 

We  will  be  restricted  to  the  search  of  the  first  tera  of  this  series, 
which  will  correspond  to  the  solution,  obtained  with  an  accuracy  down 
to  the  teras  with  P*. 

Taking  into  account  value  yg  (x) , according  to  foraula  (13),  we 


obtain 
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Yi  W = - y j*  [^r)  di  ^ 

i/2  ' 


For  right-angled  wing 


, . . n/* 

Yi  W = — -2- 


1/2 


■ f^i\d^(l) 


During  the  forward  motion  of  wing  8 (?)  = const  = 
/d?  = 0 everywhere,  besides  forepart/nose  edge  (x  = 0. 
(?)  /d?  =-8o-  Then 


V j 


(28) 


3o  and  d8  (?) 
) , where  dp 


It  is  easy  to  see,  that  solution  (28)  in  the  general  case  it  does  not 
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satisfy  Chaplyg in- Joukowski 's  hypothesis  about  the  even  flow  of  tail 
edge.  In  order  that  this  hypothesis  is  fulfilled,  it  is  necessary 
that  load  with  x = -0.5  is  absent.  Determining  until  now  the 
arbitrary  function  (*) » that  entered  in  equation  (24),  finally  we 
obtain 


vS  ix)  = Fy,  — \ , / M ] 


(29) 


Curve/graph  of  the  distribution  of  this  wave  load  for  a series 
of  the  values  of  relative  velocity  is  shown  in  Fig.  2. 

By  analyzing  curves,  it  is  possible  to  note  that  to  Fr  = 

0.6-0.65  transverse  loads  from  waves  gives  positive  additions  to  the 
hoisting  (lateral)  force  of  the  wing  of  maximally  low  lengthening. 

The  maximum  of  this  increase  is  reached  when  on  wing  chord  is 
accomodated  one  half  wave  (Fr  0.5).  At  such  relative  velocities 
one  should  expect  the  maximum  effect  of  floating  surface.  With  an 
increase  of  velocity  together  with  a decrease  in  the  number  of  waves, 
which  are  placed  on  chord,  proceeds  the  shift/shear  of  the  first 
(most  considerable)  peak  of  pressures  from  spout  toward  tail  edge. 
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This  fact  makes  it  possible  to  state/establish  an  increase  dream  the 
weathercock  stability  of  wings,  which  is  really/actually  observed  in 
experiments. 

Unfortunately,  the  calculation  of  the  lift  coefficients  of  the 

wing 


C, 


o.s 

1 y{x)dx 


(30) 


and  of  the  torgue/moment 


0,5 


m,  = 


Y (x)  xdx 


—0.5 


(31) 


in  expressions  (25),  (13)  and  (29)  cannot  be  made  in  quadratures, 
however  the  measuring  with  planimeter  of  the  curves  of  Pig.  2 and  the 
calculations  they  show  that  an  increase  in  the  coefficient  C,  is 
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observed  to  Fr  = 0.6.  Subsequently  value  of  becoies  virtually 

independent  variable  of  velocity  and  is  equal  to  the  value,  desiqned 
by  the  formulas  of  infinite  liquid  without  taking  into  account  of  the 
screening  effect  of  floating  surface. 


That  which  was  opened 
convergence  of  series  (25) , 
decrease  sufficiently  slowl 


thus  far  remains  the  question  concerning 

f2Y  1 

coefficients  — — ^ which  they 


Y- 
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Piq.  2. 

Page  4 6. 
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CAVITATION  PLOW  ABOUT  THE  HEDGE  NEAR  THE  FLOATING  SURFACE  OF 
WEIGHTLESS  LIQUID. 

Lm  1.  nal'^tsev. 

(Novosibirsk)  . 

Page  56, 

It  is  known  that  during  the  motion  of  tody  in  nonseparable  and 
cavitation  mode/conditions  the  large  value  tor  a reduction/descent  in 
the  resistance  has  pressure  recovery  in  its  feed  part.  However,  in 
the  works,  dedicated  to  the  cavitating  hydrofoils,  as  a rule, 
floating  surfaces,  being  broken  away  from  edges,  ate  linked  somewhere 
beyond  the  limits  of  body  or  depart  to  infinity.  The  quality  of  such 
wings  turns  out  to  be  low.  Is  examined  below  the  simplest  diagram  of 
the  cavitating  hydrofoil,  which  ensures  the  pressure  recovery  aft. 

The  solution  of  this  problem  for  a unrestricted  flow  is  obtained 
in  work  [5].  The  advisability  of  the  examination  of  the  partially 
cavitating  wings  was  expressed  by  B.  G.  Novikov. 
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Let  us  exaaine  the  task  of  the  cavitation  flow  about  the  wedge 
near  the  floating  surface  of  weightless  liguid. 

By  ^ Li  f Vg,  r,  let  us  designate  respectively  velocity 

of  incident  flow,  rate  on  the  boundary/interface  of  cavern,  the 
length  of  plates  OB  and  OC,  angle  between  then  and  the  angle  of  the 
slope  of  plate  to  direction,  the  opposite  direction  of  the  incident 
flow  (Fig-  1). 

The  flow  line,  which  approaches  the  critical  point  A,  is  located 
from  floating  surface  fat  from  wedge  at  a distance  H.  It  is  assumed 
that  the  point  0 is  the  point  of  the  descent  of  jets,  i-e.,  that  is 
satisfied  Chaplygina  - Joukowski's  condition. 

In  the  physical  plane  let  us  conduct  the  cut/section  through 
point  0 and  certain  point  on  floating  surface. 

Page  57. 

The  obtained  thus  simply  connected  region  is  resolvable  to  the 
interior  of  rectangle  with  sides  2wi,  U2  the  auxiliary  plane  u,  so  as 
to  the  shores  of  cut/section  will  pass  to  the  ver'-ical  sides  of 
rectangle  (Fig.  2)  . The  appropriate  points  let  us  designate  by 


identical  letters. 
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Let  us  introduce  the  function 


dz  j 


, t-  . fdV 

in 1<}  = p — iq  . 


: ve 


It  is  known  that  the  solution  of  problen  can  be  reduced  to  the 
deter a inat ion  of  the  dependences 

W (u)  H F (u). 

Let  us  deteraine  function  ^ 9 2].  Function  dW/du  is 

du 

holoaorphic  within  rectanyle,  is  real  on  its  horizontal  sides,  and 
its  values  on  the  vertical  sides  of  rectangle  at  the  corresponding 
points  coincide.  The  continued  through  the  sides  of  rectangle 
function  dS/du  will  be  bioperiodic.  Furtheraore,  at  points  u = a and 
u = 0 dW/du  it  Bust  have  zeros,  but  at  point  6 ♦ uj  - the  pole  of  the 
second  order. 

Hence  it  follows  that  dH/du  there  is  an  elliptical  function.  On 
the  basis  of  the  coaaon/general/total  theory  of  the  elliptical 
functions 
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I 


^ = — ^ — “i)  — }^(o  — ^ — «i)l.  (1)  1 


where  A is  real  constant. 

The  requirement  for  reduction  to  zero  rate  at  point  0 (u  = 0) 
gives  the  condition 

a = 26.  (2) 

By  set/assuminq  complex  potential  equal  to  zero  at  point  A,  for 
W (u)  we  will  obtain  the  expression  I 

= — — 5 — W,)  — ;(6  — + ^^(6  — — 26)1.  (3) 

Page  58. 

Circulation  on  the  closed  duct,  which  covets  wing, 

ft 

r «=  (2a)i)  — W (0)  = — 2/1 1;  (0)i)  -r  (6  — to,)  tOil.  (4) 

Utilizing  the  fact  that 


U7(«i  + <b,)— = 
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we  will  obtain 


JiA  — <'ai^r 

26)|C^qq 


Let  us  pass  to  the  deterainat ion  of  function  F (u)  . Function  F 
(u)  on  the  horizontal  sides  of  rectangle  satisfies  the  boundary 
condition 


<7  = -^  (0<u,  <a); 

9 = -T  — p (a  < Wj  < P); 

g = — x (Y  < < 2a),); 

< “i  < V)  .^.fch  U = u,; 
P = 0 U = -h  (Oj. 
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The  solution  to  the  obtained  oixed  boundacy~vaIue  pcobles  for 
the  rectangle.  United  near  all  ends,  we  will  obtain  fton  L.  I. 
Sedov's  nethod  [J]: 


nu)  = - 

Xi 


C'l  J ^ I ^ ~ ‘ ('"I  — P)  j ^ X 


2(i)| 


X («i/)  dt  + /T  n (uj)  dt 


g(uj)  = JT (»  — / + C) g3 (/  — .S  _ Mj)  a(M  _ (,),) 

o (c)  (J  (u  — t)  a-i  («  — 6 — Wj)  CT  (/  — aij 

I /'  («— ST 

K a(/_p)CT(/  — Y)  ’ 


X 


(6) 


where  « (u)  - Weierstrass  function; 


1 


1 

H 
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6 -p  Y 

c = (i)i  — a H 2 ®2:  111  = S (Wi)- 


Page  59. 


In  order  that  the  solution  becomes  zero  at  the  point  6 ♦ wj* 
corresponding  to  point  at  infinity  of  the  physical  plane,  necessary 
to  require  satisfaction  of  the  conditions 


DOC  * 770  30784 


PAGE 


g (t)  = e^“ 

‘ a (/  — (Oj)  >^a  (/  — ^)  a (/  — y)  ’ 

(7  f/)  - cD„)  — a(A  — i)a'(—i  -j-  6 -f  ^2)!. 

L a (<  — u.^)  Y o{t  — '<jija{t  — Y)  j’ 

cr”  (A  — /)  (j  ( — / -f"  ^ 4*  (*^2)  — <T  (A  — t)  o"  ( — t 4-CO2) 

a(t  — <1)2)  |/^/  — y)o  (/  — p) 

[a' (A  — t)a( — t + b — (li^)  — a (A  — l)(fy.  ] 

X ( — / + 6 -r  Mo)]  a'  ( — / -r  6 + (Oj)  ^ . 

a (—  / -r  6 -r  Ui)  a (/  — Uj)  Y^t  — p)  a (/  — y)  i 

A = Wj  — 6 -r  — . 
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Let  VIS  extract  expression  tor  function  z (u)  : 


0 


dW  , 
Hu 


(8) 


For  the  uniqueness  of  function  z (u)  let  us  require  satisfaction 
of  periodicity  condition  z (u  ♦ 2ui)  = z (u),  vitiich  can  be  presented 
in  the  forn 


2fi), 


du 


0 


(9) 


Page  60 
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Into  the  solution  of  pcoblea  entered  the  paraaeters  a«  p,  y,  6, 

*»  . H,  Xit  Lj,  for  deteraining  which  we  utilize 

t^co 

equations  (2),  (5)  , (7)  , (8)  and  two  equations,  which  correspond  to 
the  lengths  of  the  plates: 


/,  sin  p = ~ im  j ou: 


du 


du; 


2(1), 


U sin  + T)  = — Im  I du. 


du 


Thus,  we  obtain  fouc-paraaeter  faaily  of  sclutions.  Let 
for  exaaple. 


us  assign. 
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il2 

C^co 


P. 


H, 


The  coaplex  pressure  of  flow  on  the  wing 
R ~ X — «y  = — ^ pnds, 

where  n is  an  external  standard  to  streamline. 
Bernoulli's  integral  and  by  tr ansfer/conwerting  i 
alternating/variable  u,  we  will  obtain 


R = 


— v^-j  da. 
du 


l3i 


1.  Ky3i:cnonA.  B.—  ny.T<I>.  1063.  6 

2.  K y 3 H c u o 0 A.  B. — Hsd.  nynou,  1961,  4. 

3.  CeAoii  Jl.  H.  Hjiockhc  3aA3<iM  rMApOAHHaMHKH  H aapoAHHaMHKH.  rHTT/I, 
M.,  1960. 


4 yMTTeKep  3.  T.,  Bbtcoh  Am.  H.  Kypc 
M.— A..  1963, 

5.  H .3  r I 3 y P.  E. — B kh.;  Boundary  layer  and 
Lachmann,  1961. 


coBpcMeHHoro  auajiHaa,  II, 
How  control,  11,  Edited  by 


Utilizing 
nto  plane 
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MOTION  OF  LOH-ASPECT-RATIO  WING  NEAR  THE  INTERFACE  OF  THE  LIQUIDS  OF 
DIFFERENT  DENSITIES, 


S.  I.  Putilin. 


(Kiev)  . 


The  task  of  the  motion  of  low-aspect- rat io  wing  under  free 
surface  of  liquid  is  investigated  in  A-  N.  Panchenkova*  s work  [7],  By 
similar  method  in  work  [8]  is  obtained  the  integral  equation  of 
low-aspect-catio  wing,  which  moves  above  the  interface  of  the  liquids 
of  different  densities.  In  these  works  found  the  load  distribution 
chordwise  of  wing.  Is  given  below  the  solution  of  problem,  which 
makes  it  possible  to  determine  load  distribution  chordwise  of  wing 
for  the  mode/conditions,  which  satisfy  condition  XFr*  — > 0,  where 

the  Froude  number  is  designed  on  the  wingspan. 

1.  The  velocity  potential  of  the  lifting  surface,  which  moves 
above  the  interface  of  liquids,  must  satisfy  the  following  boundary 
conditions  of  section  (index  1 is  related  to  upper,  2 - to  lower 
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liquid)  : 


Ci(<I>Uir—  P<l>u+  vOjj  — Qj(0^_,—  JX(D^+  vO,,)  = 0; 


I 


t 


t 


where  v = g/T*;  v is  a rate  of  wing.  In  the  turned  flow  is  directed 
to  the  side  negative  x. 

Page  62. 

By  aethod  of  the  potential  of  accelerations  with  the  use  of 
representation  [5] 


I 

VTx  — 


oe  oo 


where  • - (x  - t)  X ♦ (i/  tj)  k,  obtained  following  expression  for  Oj: 
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(D.= 


f+'n 


QiKky 


dt  }ds, 


(1) 


uhere 


Q = cv  }?~rk^—  X^-~  (>A,; 


a = 


Ci—  Cl 
Gj-rOi  ■ 


(2) 

(3) 


The  roots  of  equation  Q = 0 lie/cest  at  lower  half-plane,  and 
during  integration  in  their  final  result  necessary  to  go  around  on 
top.  By  transferring  the  duct  of  the  integration  to  lower  half-plane, 
we  will  obtain  the  asyaptotic  representation  of  velocity  potential  at 
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the  large  negative  values  of  x - 


where 


JiJ  = ~ v>+4A*; 

V = av. 


By  introducing  the  dinensionless  guantities 


1 


ii 
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(0=  vb'. 


(4) 


J 


and  by  relating  x and  E to  half  chord,  but  y*  , z,  C - to 

senirange,  we  will  obtain  after  siaple  conversions  the  integral 
equation 


•+-I  i 


*?/=  — j J I/  — g — j '■sin  A:  (y  — rijdk-r 


+ ci)(l— a)  I — — c 

J ‘ 

0 


‘ “ ' sin  (a.'//  -r  I ) (i^— r^l  X 


r — 
(0 


X sin  *—  (x  — dt  ^ dldr\, 

L ^ J I 


•I 
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where  acce  pted 


Y (S.  ri)  = Yi(s)  Ya(il)  h j'  Yi(S)  di  = 2. 


Page  63. 


For  the  flat/piane  plate  ot  low  elongation  in  infinite  liquid 


solution  it  is 


Vi(sj  = <5(s-1). 


It  is  possible  to  expect  that  and  near  the  interface  of  the  liquids 
cf  different  densities  basic  part  of  the  load  will  concentrated  on 
leading  edge,  and  accept 


J yi(S)  cos  [u  (JT  — g;  ] dg  = 2. 


After  this  si apli f ication  equation  (5)  assunes  the  for*  of  the 
equation  of  finita-span  wing  with  the  optiwuw  lead  distribution. 


I 
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solved  A.  N.  Panchenkov  and  P.  I.  Zinchuk  [6]. 


Applying  the  obtained  in  this  work  results,  vie  have 


Ya(^)  = A.  K'l  - 


where  they  depend  on  insertion  they  are  expressed  as  special 

functions  C,p(— ).  expressions,  which  determine  forces,  are  given 

in  work  [8  ]. 

!-i 
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2.  In  monograph  (6]  obtained  comaon/gener al/total  expression  of 
the  velocity  potential  of  the  lifting  surface,  which  aoves  above  the 

interface  of  the  liquids  of  different  densities.  This  expression  can 
be  rewritten  in  the  following  fora: 
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where 


a 


cos  0 + (^  — Tj)  sin  0. 


(8) 


Are  here  introduced  dimensionless  quantities  by  formulas  (4). 

Duct  yoes  around  sinqular  point  fron  below,  duct  L.  - on 

cos’  6 

top. 


I investigate  the  behavior  of  derivative  <p,  with  X 0,  x < 

€-  The  first  two  members  are  studied  in  wort  [2],  Evaluations  for 
double  integrals  can  be  obtained  by  the  method  cf  consecutive 
integration  in  parts  [9]  which  leads  to  this  series: 


- J J / (*)  d/ed  0 » - V ■'  /<->(0)  (2  + ; 

k <t— 0 jj 


ia)-'-"dd. 
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The  evaluation  of  the  last/latter  teca  can  be  obtained  from  the 
aethod  of  steady  state  f3],  [9].  For  the  integral 


/ 


4 <“U+0  _ 

1 e cos  H (6) 

J L ^ 

2 


1 rffj  _ 
j co?6 


the  deteraining  points  are  the  points,  where  H*  (8)  = 0.  In  our  case 


//  ^ L_  -i-  Misz 

cos  6 ‘ ^—1  cos*6 


and  the  stationary  points  are  determined  by  the  fotaula 
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sin*6  = 


1 -2d^-~  \r I _ ijrfs 
2(1  -d-^j 


where 


From  four  values  of  sine  9 it  is  necessary  to  select  those  whose 
sign  is  opposite  to  sign  d.  Considering  X lew  and  reject/throwing  the 
terms  whose  order  x^  is  above,  we  will  obtain 

sin=6,=  1 _4d*;  sinej=— d. 

The  term  of  asymptotic  expansion,  which  corresponds  to  root  9| , will 

contain  the  factor  exp  and  it  can  be  lowered.  To  root  9, 

i 4d*  J * 

corresponds  tern 
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Page  66. 

i 

integration  for  ? is  spread  to  cut  * < 6 < 1,  since  with  the  i 

1 

taken  degree  of  accuracy  = 0 with  x > 6. 

I 

We  will  be  restricted  to  the  case,  when  angle  of  attack  is  not 
changed  on  spread/scope;  function  y(6.  n)  l*t  us  search  for  in  the  form  ■ 

cf  the  product  I 


V (6.  n)  = Yi(i)  Y,(T1). 


1 

I 
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Of  three  terms  of  equation  (10)  only  one  depends  on  y,  which  reduces 
to  the  equation 


tl T1 


1 

(i/— 


dr\  = const . 


01) 


Expression  (11)  takes  the  form  of  the  equation  of  finite-span 
winq  with  the  optimum  load  distribution,  which  moves  above  the 
screen.  The  solution  to  this  equation  obtained  in  work  [6]  in  the 
form  of  the  series 

Y.  {y)  = V . .). 

where  of  the  function  Ai  is  expressed  as  the  parameter  T=l/4/i*^t-^ 2/i 

Hence,  after  placing  constant  in  equation  (11)  equal  to  1,  we  will 
obtain 

t-1 

\ Ya(n)  dn  = -1  ^ 1 +-2'  -i-  t‘+  . . .j  =n\j)(/i). 
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Taking  into  account  the  aforesaid  equation  (10)  is  copied  in  the  form 

.1 


ku{x)  = I fiiDdl  — a)  0)*!))  ^ •yi(y  x 


The  replacement  of  variables  €=X  (1-r),x=x  (1-t)  reduces 
this  equation  to  the  form 
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1 VU't)  dr-^  1 Yi(t)  A'  (/  - T)  £(t  = a (/}, 
0 0 


where 


~ y Y*(P)  = a*(p). 


This  equation  can  be  solved 
laplasa  - Carson  [4]. 


by  the  method  o£  the  conversion  of 


Page  67, 


By  designating  the  images  of  functi 


ons  by  asterisks,  we  will  obtain 


i 
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Y*(p)=  _ 


vhence 


pa*ip)  —>■  a'(0  + a (0)  6 (/). 


t 

Introducing  function  Q>(()  = (x)d\  uod  taking  into  consideration 


that 


= "2  (1  — fl)  “*N)  (A) 


=-/! 


H^cos  f“^+  -^1 . 


— cos  “‘■r  -- 

0)/  V 4 
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we  will  obtain 


©•(^  =a(0)v  (0  + j a'(x)  v(t  — x)  dx.  (1 4) 

0 


where  function  v (t)  it  is  determined  from  its  image: 


v*(p)  = 


1 


(15) 


The  total  wing  characteristics  can  be  expressed  directly  through 
©(/),  therefore  task  will  be  solved,  if  we  determine  resolvent  v (t)  . 

3.  Analogously  it  is  possible  to  study  the  case  of  the  wing, 
which  moves  under  the  interface  of  two  liquids.  By  utilizing  results 
(4  ],  we  will  obtain  for  a velocity  potential  the  expression,  sinilar 
to  expression  (7): 
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The  coaparison  of  focaulas  (7)  and  (16)  shows  that  the  final  equation 
for  this  case  differs  froa  equation  (12)  only  in  terns  of  value  of 
value  p,  which  nust  be  replaced  with  value 


jii=  — *2  (1  +a)(o2>t)  (ft)  c 


4/utf 


4.  Asynptotic  expression  (13)  of  nucleus  K (t)  with  an  accuracy 
down  to  the  teras  of  order  can  be  replaced  with  the  expression 

% I 

where  J|  is  a Bessel  function.  Then  for  the  iaage  of  resolvent  we 
obtain 


o*(p) 


1 


1 — jjm 


P p*+(i? — p) 


I 


W 
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Bringing  this  expression  to  the  fora 


_P 


where 


P,««  2nfip* — /7*®  (1  + n*(i*)  + 2jgi«B*p 
P,™  (inp* — p^+np<ij*p  — <»•; 

P,=  nUP  (p*+  w*), 
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Pn'  mim  roots  of  equation  Pi  (p)  « 0.  * 


Page  69. 
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Jn  the  case  of  infinite  liquid  p = 0«  v (t)  = 1 we  obtain 


0(0  =a(0. 


If  function  a (t)  is  continuousv  thea  (D(^)  also  continuous  and 
liaited  with  t > Q,  in  particular  on  trailing  sing  edge,  which 
provides  satisfaction  of  Zhukovskiy  - Chaplygin's  condition  [9].  It 
is  easy  to  see  that  the  equation  of  nonpassage  will  not  be  disturbed, 

if  we  on  trailing  wing  edge  place  the  eddy/vortex  of  the  final  i 

2 

intensity  r.  If  we  assuae  T= — 0(^)Y2(t)),  then  we  will  obtain  the 
case  of  noncirculating  flow. 
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INTERFEREHCE  OF  AI RFOl IN  A SOBSONIC  ONSTEADY  FLOH. 

J 

V.  B.  Kurzin. 

(MoTosibirsk) . 

^ Page  108. 

The  interference  of  airfoil/profiles  in  the  coapressed  unsteady 
flow  theoretically  was  investigated  for  an  infinite  grid/cascade. 
Specifically,  for  the  study  of  the  case  of  the  subsonic  of  the 
unsteady  flow  of  grid/cascade  of  the  author  was  used  the  aethod  of 
^ integral  equations  [2].  This  aethod  can  be  extended  to  the  aore 

general  case  of  subsonic  unsteady  flow  of  liquid  relative  to  systea 
froa  the  finite  nuaber  of  airfoil/profiles.  As  an  exaaple  was 
exaained  the  flow  about  the  biplane  and  was  carried  out  the 
calculation  of  the  unsteady  aerodynaaic  forces,  acting  on  its 
airfoil/profiles.  The  obtained  results  can  be  used  for  the  analysis 
I of  the  forces,  which  act  on  airfoil/profile  near  the  interface  of  two 

aedia. 


Let  as  ezaaine  systea  froa  R of  the  fine/thin  slightly 
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bent/curved  airfoil/profiles,  which  are  located  at  low  angle  of 
attack  in  the  flat/plane  subsonic  flow  of  gas  and  which  accoaplish 
arbitrary  low  haraonic  oscillations  (Fig.  1).  The  flow  of  gas  in  this 
case  is  described  by  the  systea  of  the  integral  equations  of  the  fora 


where 


k = 


ti)b 


M = 


U 


1=1.2 N. 


Page  189. 

Here  xj,  yt  are  coordinates  of  the  points  of  the  j 
airfoil/prof  11^  is  the  coordinate  systea,  connected  with  one  of  the 
airfoll/prof ilea  (see  Pig.  1);  a„,  b„  respectively  the  coordinate  of 
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the  leading  and  trailing  edges  of  the  n airfoil/profile;  b - half 

cord  of  one  of  aicf oil/profiles;  p,  U - respectively  the  density  and  ^ 

the  speed  of  flow;  a - the  speed  of  sound  in  undisturbed  flow;  w is 

an  angular  oscilla tion/vibration  frequency;  - the  aaplitude 

vertical  of  the  velocity  coaponent  of  the  notion  of  the  points  of  the 
j airfoil/profile;  Z.„{xo.  y^)  ~ anplitude  of  the  distributed 

lift  on  the  n airfoil/profile;  UqC^)  (r)  is  a function  of  Hankel  of 
the  second  zero-order  hind.  ' 

As  an  exanple  let  us  exanine  the  unsteady  flow  of  biplane  (Fig. 

2) . Let  us  assune  that  the  airfoil/profiles  of  biplane  oscillate  with 
identical  foras  and  aaplitudes.  Then  the  systen  of  integral  equations 
(1)  degenerates  into  one: 

h 

Vy  (JC)  = j L (Xo)  K (X  — Xo)  dXo,  (2) 


nucleus  of  which  it  takes  the  fora 


DOC  = 77040784 


PAGE 


/C(x  — Xo)  =-^e 


4pA: 


i ;*  ( . ki  \ ..  , 


i- 


+ e J exp  j j^//o  ’ (i/  — hf  j j dsj  , (3) 


a 


where  h = H/b;  a is  a phase  displaceaent  between  the  oscillations  of 
airfoil/profiles.  For  the  numerical  solution  of  integral  equation  (2) 
it  is  necessary  to  separate  the  special  f eature/peculiarit ies  of 
nucleus.  They  coincide  with  the  special  feature/peculiarities 
kernel  of  integral  equation  of  Possio  and  take  the  form 


of  the 
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For  simplification  in  the  calculation  the  regular  part  of 
nucleus  kj  we  approximate  with  the  aid  of  the  trigonometric  series 

(X  _ ^„)  = V bi  si  n /n  (X  _ V C;  cos  U (X  — x^).  (5) 


1 i 

g'  i i it, 


Fig-  1. 


Fig.  2. 


Page  190. 


The  solution  to  integral  equation,  as  in  the  case  of  grid/cascade 
[2],  we  search  for  by  collocation.  For  this  purpose  the  unknown 
function  let  us  present  in  the  form  of  the  secies 


L(x)  _ a,  j/^  -i-  ^ a^sin  (X  + ]). 
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2 
; 


fi^.3 

By  substituting  expressions  (4)  - (6)  in  equation  (2)  and  by 
fulfilling  equality  with  N ♦ 1 different  values  x,  we  will  obtain  N ♦ 
1 algebraic  equation  for  determining  the  unknown  constants  In  the 

calculation  conducted  integral  equation  was  satisfied  at  nine  points, 
evenly  arrange/located  chordwise  of  airfoil/prcfile. 

For  the  illustration  of  compressibility  effect  on  the 
aerodynamic  interference  of  airfoil/profiles  let  us  give  some  results 
of  calculations.  Aerodynamic  forces  and  the  torque/moments,  which  act 
on  the  airfoil/profiles  of  biplane,  let  us  present  in  the  form 

Py  = QU^b[l,^-e‘X\-, 

M = QU*b*  im„  + (7) 
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where  m,  ~ influence  coefficients  for  the  j airfoil/profile  (j  = 
0.  1)  during  the  oscillations  of  the  initial  airfoil/profile  (j  = 0) 
according  to  the  assigned  law.  They  do  not  depend  on  phase 
displacenent  a and  with  the  aid  of  expressions  (7)  can  be  deternined 
fron  the  solution  to  equation  (2)  for  two  different  values  of  a. 

On  Pig.  3 for  case  of  h = 2 are  represented  to  the  dependence  of 
the  influence  coefficients  of  nonent  with  respect  to  rotational  axis 
for  torsional  oscillations  about  the  middle  of  airfoil/profile  on 
Hach  number  at  the  fixed  values  of  Strouhal  number  A*  =:  k/H  = 0.25; 
1.0.  On  the  axis  of  ordinates  for  a comparison  points  plotted/applied 
corresponding  values  of  influence  coefficients,  obtained  in  work  [2] 
for  the  case  of  the  incompressible  fluid.  From  curve/graphs  it  is 
evident  that  at  the  determined  values  of  Hach  numbers  the  aerodynamic 
coefficients  have  sharply  pronounced  extrema.  It  turned  out  that 
these  values  of  Hach  numbers,  determined  from  equation  2k/H*  « mv  (m 
= 1,  2,  3,  ...),  correspond  to  some  special  f eature/peculiarit i.es  of 
the  solution  of  problem. 
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Page  191. 

These  special  feature/peculiarities  nake  detecained  physical  sense. 

At  the  indicated  values  of  Nach  nuabec  the  oscillatory  period  is 
Bultiple  the  transit  tine  of  the  plane  wave  of  slight  disturbance 
froB  the  leading  edge  of  airfoil/pcof ile  along  floa  to  the  rear  and 
vice  versa,  i.e.,  occurs  aerodynaaic  resonance.  On  the  axis  of 
abscissas  cross  plotted/applied  the  resonance  values  of  Hach  nuaber 
for  k*  = 0.25,  by  points  - for  k*  = I.C. 

On  Pig.  4 for  case  of  h = 1 ate  represented  to  the  dependence  of 
the  influence  coefficients  of  forces  for  the  torsional  oscillations 
of  airfoil/profiles  on  Strouhal  nuaber  k*  at  the  fixed  values  of  nach 
nuaber  (curve  with  H - 0 is  taken  froa  vork  [2]). 

On  Pig.  5 is  represented  the  dependence  of  the  influence 
coefficient  of  force  for  the  case  of  torsional  oscillations  on  the 
distance  between  airfoil/profiles  h at  the  fixed  values  of  Hach 
nuaber  and  of  Strouhal  nuaber  k*  » 1. 


The  analysis  of  the  obtained  results  shows  that  to  the 
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intetfecence  ot  aicfoil/profiles  in  unsteady  flow  the  conpcessibility 
of  liquid  exerts  a substantial  influence  at  high  subsonic  speeds  or 
high  oscillation/Tibratioa  tce^aeecles.  If  the  wavelength  of 
disturbance/perturbatioB  (/»  — cii  is  coaaensur able  with  the 

iA> 

characteristic  geoaetric  sixes  of  biplane,  then  essential  effect  on 

aerodynasic  forces  exerts  the  acoustic  irteraction  of  the  oscillating 
airf oil/pr of  lies. 


’ H.-H3D.  AH  CCCP.  OTH.  McxaiiHKa 

J964.  5. 

2.  KypsMH  B.  B.— OMTO.  1964.  2. 


H MaUiHHOCTpOeHHe, 
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Page  223. 


Calculation  o£  landings  of  aerodynaaic  air-cushion  vehicle,  which 
starts  froa  water. 

V.  I.  Rudoaanov. 

(Kiev)  . 


During  the  study  of  the  aotion  of  the  apparatuses,  which  use  a 
proxiaity  effect  of  liguid  or  solid  screen  (aerodynaaic  air-cushion 
vehicles),  special  interest  are  of  transient  condition,  which  include 
the  trajectory  phases  froa  start  to  the  set  of  certain  nininua  speed, 
upon  achieving  which  the  aerodynaaic  air-cushion  vehicle  has 
sufficient  aerodynaaic  controllability,  and  sections,  on  which  the 
speed  of  aerodynaaic  air-cushion  vehicle  decreases  froa  the  niniaua 
to  zero. 

K 

In  the  general  case  transient  condition  being  unsteady  are 
characterized  by  effect  on  the  aerodynaaic  air-cushion  vehicle  of  the 
unsteady  aerodynaaic  forces  and  thrust  of  power  plant.  To  the 
aerodynaaic  air-cushion  vehicle,  which  starts  froa  water  and  which 


I 
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has  hydrofoils,  suppleaentaclly  affect  the  unsteady  flow  forces, 
whereupon  with  the  output/yield  of  aerodynaaic  air-cushion  vehicle 
froB  water  with  an  increase  in  the  velocity  the  effectiveness  of 

aerodynaaic  forces  grows,  and  bydrodynaaic  - it  falls. 


Effect  on  the  aerodynaaic  air-cushion  vehicle  of  the  unsteady 
forces  produces  change  in  the  tiae  of  the  paraaeters  of  aotion.  which 
deteraine  the  speed  of  aerodynaaic  air-cushion  vehicle  and  its 
position  in  space. 


If  we  approxiaately  consider  the  Icngitudinal  unsteady  notion  of 
aerodynaaic  air-cushion  vehicle  in  transient  condition  as  being 
quasi-steady,  i.e.  . at  the  fixed/recorded  aonents  of  tiae  to  consider 
notion  establish/installed,  then  the  longitudinal  unguided  notion  of 
aerodynaaic  air-cushion  vehicle  will  be  deterained  by  these 
paraaeters:  height/altitude  H.  by  pitch  angle  A and  by  speed  v. 


Let  us  exaaine  the  unguided  axial  aotion  of  the  aerodynaaic 
air-cushion  vehicle,  which  has  forepart/nose  and  feed  air  and 
hydrofoils. 


Page  224. 


For  slaplif ication  let  os  accept  the  following  assuaptioas: 


f - 

...  

* 
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1)  tti«  cesistance  of  aerod^naaic  air-cushion  vehicle  is  balanced 
by  the  thrust/rod  of  power  plant,  and  in  this  case  is  not  created 
torque/aoaent,  i.e.,  is  exaained  the  quasi-steady  aotion; 

2)  at  the  aoaents  of  tine  in  question  the  flight  path  angle  to 
the  horizon  6 = const  = 0; 

3)  is  absent  nutual  wing  influence; 

4)  we  disregard  the  center-o£- pressure  travel  of  hydrofoils 
chordwise  during  a change  in  altitude  above  the  screen  and  of  angle 
of  attack,  since  this  displaceaent  considerably  less  than  the  am  of 
flow  forces  relative  to  the  center  of  gravity  of  aerodynaaic 
air-cushion  vehicle. 

Taking  into  account  the  adopted  assuaptions  of  the  equation  of 
the  equilibriua  of  the  aerodynaaic  air-cushion  vehicle  it  is  possible 
to  write  in  this  fora: 

= (1) 
lYiLi  = 0.  . (2) 
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For  the  apparatus,  which  has  air  and  hydrofoils,  it  is  possible 
to  conditionally  consider  one  wing  systen  of  basic  (carrier) , and 
another  - auxiliary  (unloading) . Since  for  the  aerodynanic 
air-cushion  vehicle,  which  starts  iron  water,  basic  is  the  state  of 
notion  on  air  wings,  it  is  possible  to  conditionally  count  that  the 
basic  carrying  wing  systen  is  the  systen  of  air  wings  despite  the 
fact  that  in  the  beginning  of  transient  condition  with  start  basic 
load  receive  the  hydrofoils. 

The  deternination  of  landings  of  aerodynanic  air-cushion 
vehicle,  i.e.,  the  calculation  of  dependences  H (t)  and  9 (t) , by  the 
assigned  values  of  velocity  conducts  by  the  nethod  successive 
approxination  as  follows. 

Pron  equations  (1)  and  (2)  we  obtain  expressions  for  the 
coefficients  hoisting  forces  of  the  air  wings,  required  for  the 
cealixation  of  the  quasi-steady  straight  flight  at  given  speed.  In 
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the  first  approxiiation,  is  not  considered  discharging  aerodynasic 
air-cushion  vehicle  by  hydrofoils  and  the  center-of-pressure  travel 
of  aerodynaaic  forces.  After  assigning  several  values  of  relative 
distance  fron  the  screen  of  air  feed  (/fo.  and  air  forepart/nose 

(A„.„)»ings,  we  deternine  dependence  ftp,..  and  /f*  „ (•)  i«  Utilizing  a 
geonetric  relationship/ratio  between  ^ andAp. we  convert  Ap. „ (•) 
and  Ap. K (A)  2*  unknown  values  Ap  ,<  and  A,  which  correspond  to 

eguilibrinn  of  forces,  which  act  on  aerodynaaic  air-cushion  vehicle, 
are  located  fron  the  solutions  to  the  equations,  which  expres^s 
dependence  /i„,  „ (A)  ^ and  /7„  (A)  2-  Free  those  which  were  fonnd 

and  A,  utilizing  obvious  geonetric  relationship/ratios,  we  deternine 
the  bias  of  the  cent  of  the  pressure  aerodynaaic  forces  and  a 
decrease  of  the  weight  of  aerodynaaic  air-cushion  vehicle  as  a result 
cf  discharging  by  hydrofoils. 

Page  225. 

He  produce  the  calculation  according  to  the  second 
approach/approxiaation  taking  into  account  a decrease  in  weight  and 
center-of-pressure  travel.  The  values  A,. ,,  and  obtained  in  the 
i approach/approxiaation,  we  coapare  with  the  values  A,.k^_,  and 
obtained  in  (i-1)  a approach/approxiaation,  and  we  conclnde  the 
calculation  npon  teaching  of  the  regnired  accuracy/precision,  i.e., 
with  < *1; 
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Since  the  presence  of  the  systee  of  air  and  hydrofoils  predeteraines 
the  large  voluae  of  calculating  works,  it  is  expedient  the 
calculation  of  landings  to  perfora  with  the  application/use  of 
coaputer  technology. 


On  Fig.  1 is  given  the  block  diagraa  of  solution  by  ETsVH 
[ > digital  coaputer]  of  the  task  of  the  calculation  of 

landings  of  the  aerodynaaic  air-cushion  vehicle,  which  starts  froa 
water.  This  block  diagraa  can  be  used  also  by  annual  calculations  and 
the  calculation  of  landings  with  the  aid  of  siiolators.  For  the 
calculation  of  landings  is  utilized  the  following  foraula: 

Q ^ ^B.H  

^'“’'Pb.k  Ci'Ss.Kt)*  L,.„  -j-  L*,k  — a:*.h  4- 


^B.H  ^n.H  -^B.h 


, _ r 

Lt.H  + Z-B.K  T'-'^B.K 

— ^2*^^-**  ^n.K  4*  ^B.H  — -^B.tl  ^ 

Z.8.H  + Z-B.K  •<B.H+-*^B.K 

^ 2G  ^B.K  "1“  -^B.K 

"*”**"■"  4”  1<8.K  -^B  H 4"  •*»  K 

(.’■jSn.K  Ln.K  I'n.K  4”  JCb.k 


Cl*^B.K  4"  ^B.K  A'b.H  T -^B.I 

Oy^H-H  Ln.H  4"  4"  -^'b.k 


- 


c 

QiUb.H  LbM  4"  ^B.K  Xb,h  4~-*'’8.« 


c = 


V.  _1— + 

Vb  = 'Pell  — arpjTd  4-0.5t*)]; 
1 


Vo 


X-  ^^(2S)*  4-1  —2A; 
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S = 1 ± (0,  5t2  0.  25t:|  4-  0,  0625tJ  0.  0469t»  -K 

-r  0.  0257t{“+  0,  OISSt-,^)/ 

where  x is  the  expressed  into  the  portions  of  the  lean  aerodynaaic 
chord  center-of'pressure  travel  of  wing;tf-^  = const  *^5.45. 


Page  226. 
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Page  227. 

In  the  last/latter  expression  positive  sign  before  the  bracket  is 
related  to  hydrofoil,  "ninus"  - to  air; 


J Functions  (X)  and  Cz  (X)  take  the  following  values  (X  - wing 

aspect  ratio): 


il 
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X 

CilXi 

Ci(X) 

0 

1 ,0000 

0,0000 

0,25 

0,9371 

0,3538 

0,50 

0.8781  . 

0,5945 

1,00 

0.7710 

0,7710 

1.5 

0,0740 

0,8411 

2.0 

0,59.15 

0,8798 

2,5 

0,5220 

0,9048 

4,0 

0.3534 

0,9380 

7.5 

0,1422 

0,9660 

10 

0,0743 

0,97-13 

15 

0,0202 

0,9831 

CO 

0,0000 

1,0000 

c,= 

Cy  (a  — Aciq  0); 

Aa„  = 

K 

= Ctfl 

C 

Y V’ 

_2  -1 

T — T 



' 16  ^ 

X = 


”^1  ^ ' 

'24  ^ 32  ^ 64 


111 


\-K  J 


2Pj 

/^  — r 


■in, 

A 


K 

JP,  » 

K 


2/^  _ !'!■ 
I'*-  -'rl 


2 


A, 


H (A/ip,  n -;-  ^O.n  sin  a)u  -t-  (/.o  n j;  b„.n  cos  a)i,  tg  0 


■f,^  1 T sin  a)„  — j:  (Lo.„  j;  i!>o.„  cos  a),  tg  0 

ba 
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where  a is  an  angle  of  attack  cf  wing;  oq  - zero-lift  angle;  Asq  are 


4 a change  in  the  angle  of  the  zero  zero  lift  of  solid  airfoil/profile 

due  to  the  influence  of  screen. 

4 

In  two  last/latter  fornulas  the  upper  signs  are  related  to  feed 
wings,  lower  - to  forepart/nose; 

==  /lo.K^D.K  T bo.B  sin  a)B.K  -i-  {Lo.n  4*  bo  o cos  a)B  k tg 
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Page  229. 

The  foraulas,  which  express  geometric  relationship/ratios  for  the 
wings  and  the  center  of  gravity  (Fig.  2),  considerably  will  be 
siaplified,  if  wings  are  not  turned  during  the  notion  of  aerodynanic 
air-cushion  vehicle. 

dieoocdf^H^ 

' cnopT“.".1^196r/'“‘'““°“  “■  cyana.  cPe.,„or,  rpan- 

^ ^C^y° ocTpociiiKJ,'’^!^  *;D65.'^  ° SbicTpoxoaiiux  cyaos. 

*ta».V.,^19G5°  ” ^ ^“*P°"'*'‘aMiiKa  noaBonjioro  Kpwaa.  tHayaoea  ayn- 

AH  yPCP.'^K."  riapoMexajiiKii  cyana.  Biia-ao 
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EFFECT  OF  VORTEX  FORHEBS  ON  THE  AERODYNAMIC  HING  CHARACTERISTICS  AND 
EODY  OF  REVOLUTION 


A.  H.  Hkhitaryan,  S.  A.  Lukashuk,  V.  D.  Trufceook,  V.  Ya.  of  Pridland. 


e V J 


Page  254. 


Vortex  foraers,  which  arc  deepenings  (cavity)  in  the  streaalined 
with  fluid  flow  of  rigid  surface,  attract  attention  already  for  20 
years. 


Acadenician  0.  I.  Blokhintsev  [1]  will  give  the  analysis  of  the 
flow  of  ideal  (by  discrepancy)  liguid  in  vortex  foraer  and  its 
vicinities.  It  is  shown,  that  the  intensity  of  the  eddy/vortex,  which 
is  conceived  in  cavity,  builds  up  and  eddy/vortex  periodically  will 
be  carried  by  external  flow  downstreaa.  The  frequency  of  the 
generation  of  eddy/vortices  can  be  sonic  and  ultrasonic.  D.  I. 
Blokhintsev  investigated  the  phenoaenon  of  resonance,  when  the 
natural  frequency  of  liquid  within  cavity  coincides  with  the 
frequency  of  the  generation  of  eddy/vortices.  On  the  basis  of 
target/purposes  and  tasks  of  his  investigations,  D.  I.  Blokhintsev 


will  call/naae  these  cavities  resonators.  This  naae  in  essence  will 
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be  preserved  also  ia  the  works  of  other  authors*  but  their  pheaoaenoD 
of  resonance  interests  already  to  a lesser  degree.  In  the  present 
work  is  utilized  the  tern  of  "vortex  foraer"  sore  correctly,  in  our 
opinion,  that  reflects  the  essence  of  the  phenoienon. 


P-  N.  Kubanskiy  [2,  3],  utilizing  vortex  foreer  for  the 
intensif ication  of  heat  exchange  during  the  flow  of  the  liquid  about 
the  beans  of  pipes  it  reveal/detected  that  under  specific  conditions 
hydrodynamic  drag  of  the  banks  of  tubes  with  snooth  surface  turns  out 
to  be  greater  than  the  resistance  of  tubes  with  vortex  forners  which 
was  in  experiments  the  cylindrical  deepenings,  drilled  in  the  wall  of 
tube. 


Ob"yasneniye  P.  N.  Kuban,  datum  to  this  strange  at  first  glance 
phenoaenon,  lies  in  the  fact  that  the  eddy/vortices,  generated  by 
vortex  formers  fora  "cylinders",  on  which  slips  the  boundary  layer. 


Page  255. 

This  lowers  hydrodynamic  drag  of  surface;  however,  energy 
additionally  is  ex pend/cons used  on  vortex  foraation.  The  total  effect 
it  can  lead  to  a reduction/descent  in  hydrodynamic  drag. 

1 
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It  is  sufficiently  in  detail  the  physicist  of  the  phenosena, 
j connected  with  flow  voctex  focners  is  investigated  V.  K.  Higaes  [4.  ^ 

5],  who  will  study  expecisentally  the  flow  pattern  within  vortex 
forsers  different  size/disensions,  and  also  within  plane  diffuser 
with  vortex  forsers  and  the  flow  about  th  cylindrical  surface, 
placed  in  flat  duct.  It  arrived  at  the  cc  .elusion  that  asong  the 
liguid  within  vortex  foraer  and  the  external  flow  occurs  the  intense 
turbulent  mass  exchange,  in  conseguence  of  which  near  fairing  is  ^ 

reconstructed  the  diagras/curve  of  rate,  becosing  sore  "cosplete". 

Ihis  it  will  direct  V.  K.  Nigaya  to  thought  about  use  vortex  forsers 
for  the  stabilization  of  flows  in  diffusers  with  high  downstreaa 
pressure  gradients.  For  a cylindrical  surface,  in  particular,  they 
obtained  the  displacesent  of  separation  point  fros  24  to  35-38°. 

« 1 

In  the  laboratory  of  aerodynasics  of  the  Kiev  institute  of  the 
engineers  of  the  civil  aviation  by  the  authors  of  this  article  were 
tested  the  conclusions  V.  K.  Nigaya  and  after  their  confirsation 
investigated  the  effect  of  vortex  foraer  on  boundary-layer  flow  under 
conditions  exterior  probles.  Experisents  will  confirs  the  possibility  I 

of  the  stabilization  of  the  flow  above  the  wing  with  high  adverse  ^ ' 

pressure  gradient.  Vortex  forsers  will  allow  to  postpone  the  onset  of 
the  separation  sod e/condit lens  of  flow  and  thereby  substantial  to 
increase  the  critical  angle  of  attack  of  airfoil/profile. 
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In  the  process  of  the  blasting  of  finite-span  wing  the 
established  fact  of  a reduction/descent  in  the  effectiveness  of 
vortex  foraers  as  a result  of  the  three-diaensicnal  character  of 
flow.  Alaost  coapletv^lr  it  sill  be  possible  to  restore/reduce  effect 
by  location  in  cavity  of  vortex  foraera  partiticn/baf f le-separators. 

For  the  practical  target/purposes  vortex  foraers  aost  likely 
they  can  be  used  on  the  vings,  eguipped  with  flaps. 

ISO 


Pig.  1.  Model  of  sing  profile  with  flap  for  research  on  effect  of 
vortex  foraers  on  the  effectiveness  of  flap. 


Page  256. 

In  this  case  in  cruise  setting  the  flap  with  vortex  foraers  is 
claaped  to  wing  (Fig.  1),  vortex  foraers  they  do  not  affect  wing 
characteristics.  In  takeoff  and  landing  node/conditions  the  flap  is 
advanced  back/ago,  being  siaultaneously  turned  down  around  its 
rotational  axis,  aad  vortex  foraers  begin  to  floe  itself  by  the  flow. 
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which  penetrates  through  the  slot  between  the  wing  and  the  flap. 


For  research  on  effect  of  vortex  forners  on  the  effectiveness  of 
flap  was  nade  the  two-dinensional  experinent  with  the  airfoil/profile 
with  flap.  Profile  thickness  c = 13o/o,  chord  k ^ 750  the  chord 
of  flap  b3  = 228  nn.  On  the  upper  surface  of  the  flap  of  six  sections 
they  will  be  interchangeable  (Fig.  2) , which  nakes  it  possible  to 
establish/install  vortex  forners  in  different  places  chordwise.  Are 
investigated  vortex  forners  of  two  size/dinensicns:  I type  is  2. 5 X 5 
■n  and  II  type  - 3.5  X 7 an  (first  numeral  is  the  width,  the  second  - 
the  depth  of  cavity  vortex  forner^ 


Experinent  is  carried  out  at  the  constant  angle  of  attack  of 
wing  a = 10*>.  The  models  of  wing  and  flap  were  drained  in  central 
cross  section.  Drain  holes  were  provided  for,  also,  in  sections  with 
vortex  forners  (on  two  holes  in  each  section).  They  are  located  on 
the  bottoa  of  cavity,  since  the  preceding/pcevious  experinents  showed 
that  in  this  place  the  pressure  is  egualized  up  to  a pressure  of  in 
external  flow  (diagran/curve  of  pressures  it  takes  the  forn  as 
siooth,  nonotonic  curve  without  junps  and  explosions). 


Drain  holes  with  the  aid  of  flexible  rubber  hoses  are  connected 
with  the  tubes  of  the  battery  70-point  panel  of  piezoneters.  The  rate 
in  tube  is  neasured  by  Pitot  tube  and  is  supported  order  39-40  n/s. 
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Pressure  and  the  teaperature  in  uorking  chaaber  constantly  are 
I record/fixed.  The  effectiveness  of  one  set  or  the  other  of  sections 

is  deterained  by  the  coaparison  of  values  during  the  identical 
units  cf  the  airfoil/profile  of  flap  for  flaps  with  saooth  surface 
and  systea  of  vortex  foraers.  The  values^y  are  deterained  by  the 
aeasureaent  of  the  area  of  the  diagraa/curves  of  noraal  pressure  on 
the  wing  surface  and  flap. 

r 


B 

Fig.  2.  Flap  with  plug-ins  unit. 

Page  257. 

If  at  the  flap  angle  6 > 30°  was  obtained  the  diagraa/curve  of 
nonseparated  flow,  then  at  6 > 35  and  UOO  is  already  is  distinctly 
visible  the  zone  of  detached  flow  (according  to  static  pressure 


First  of  all  was  blown  the  aodel  of  wing  - flap  systea  in  that 
fora,  in  which  they  there  exist  without  vortex  foraers. 
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distribution).  Hith  6 » U5°  breakauay  begins  alaost  fron  the  spout  of  j 

flap.  In  thissaae  aode/conditions  were  estafclish/installed  two  1] 

sections  of  vortex  foraers  (second  group  of  vortex  foraers) , which  \ 

will  lead  to  the  coaplete  liquidation  of  breakaway.  Let  us  note  that 
the  nonseparable  character  of  flow  was  recorded  both  behavior  of  the 
stuck  on  the  surface  of  flap  silk  threads  and  by  the  distribution  of 
pressures  according  to  the  surface  of  flap.  Both  aethods  give  the 

^ I 

coinciding  results. 

As  a rule,  the  unit  of  sections  of  vortex  foraers  it  leads  to 
the  liquidation  of  breakaway  on  flap  and  respectively  to  an  increase 
in  the  evacuation/rarefaction  above  the  wing. 

Proa  the  analysis  of  suaaary  charts  (Fig.  3),  where  are  ^ 

represented  the  curves  of  dependences  « f (C)  for  different  types 

of  vortex  foraers  it  follows  that  their  effectiveness  in  aany 
respects  depends  on  the  coordinate  of  the  beginning  of  the  region  of 
ribbing.  Consequently  in  order  to  attain  the  aaxiaun  benefit  froa  the 
setting  up  of  systea  of  vortex  foraers,  necessary  its  coordinate  it 
will  begin  to  arrange/locate  soaewhat  higher  than  the  zone  of 
probable  flow  breakaway.  Until  now,  the  coordinate  is  deterained  by  I 

I 

eapirlcisa  (selection).  It  is  clear  that  if  it  is  located  too  highly,  j 

i. e. , in  convergent  part,  this  will  lead  to  braking  flow,  that  : 

sharply  it  will  lower  effectiveness,  but  if  in  the  zone  of  knowingly 

i 

J 
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detached  flow,  then  vortex  systea  to  conceive  itself  it  will  not  be 
able,  since  about  vortex  foraer  flow  irregular  slack  flow  with  random 
return  currents. 
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Fig.  3. 


Suaaary  charts  of 


dependences 


Key:  (1).  type. 


Page  258. 


The  early  beginning  of  ribbing  (froa  the  second  section)  gives 
the  greatest  effect  at  angles  of  deflection  6 = 50-60®,  aore  rear 
arrangeaent  of  the  first  finned  section  (for  exaaple,  3-1)  it  aakes 
it  possible  to  obtain  effect  at  6 = 30-45®,  Besides  this,  it  is 
possible  to  select  the  arrangeaent  of  the  ribbing,  which  will  be 
"all-systea",  i.e. , gives  lift  increaent  with  the  siaultaneous 
liquidation  of  separation  node/conditions  at  all  flap  angles, 
exceeding  30®.  For  the  saaller  angles  cf  aeasureaent  they  are  not 
Bade,  since  such  aode/condi tions  are  usually  nonseparable,  especially 
for  a slotted  flap. 


In  this  case,  apparently,  will  justify  itself  the 
application/use  of  two  series  of  vortex  foraers,  when  the  second 
series  is  arrange/located  in  the  zone  cf  probable  breakaway  after  the 
first  series,  i.e.,  when  between  both  series  there  is  the  section  of 
sBooth  surface. 

Being  based  on  the  results  of  the  experiaents,  aade  earlier,  to 
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that  which  was  given  above  it  is  possible  to  add  that  the  transverse 
size/diaensions  o£  vortex  foraecs  substantially  do  not  change  during 
a change  in  the  geonetric  scale  of  aodel.  Size/diaensions  of  vortex 
foraers  depend  aainly  on  the  speed  of  the  flow,  which  flows  around 
vortex  foraers.  One  should  expect  that  for  rates  40-60  a/s  the 
optiauB  size/diaensions  will  turn  out  to  be  one  order  those  which 
were  accepted  in  experiaent.  The  results  of  experiaent  one  should 
consider  faster  as  qualitative,  than  quantitative  since  it  it  was  not 
aodel..  This  is  explained  themes  that  the  size/diaensions  of  aodel  for 
a working  section  were  cverstated  as  a result  of  the  need  for 
obtaining  the  sufficiently  large  flap,  cn  which  it  would  be  possible 
to  place  vortex  formers  of  the  necessary  size/diaensions  and  possibly 
aore  drain  holes.  Under  these  conditions  entire/all  ait  jet,  which 
escape/ensues  froa  nozzle,  is  deflect/diverted  by  aodel. 

One  should  expect  that  with  the  observance  of  the  aodel  nature 
of  evacuation/rarefaction  on  the  suction  side  of  wing  and  flap  they 
will  be  such  greater  than  this  obtained  in  experiment;  however, 
breakaway,  possibly,  it  will  begin  soaewhat  earlier.  As  a whole  it  is 
possible  to  assuae  a noticeable  increase  in  the  effectiveness  of 
vortex  foraers. 

Theoretical  and  experiaental  data  confira  that  during  the 
Donseparable  and  even  flow  of  bodies  of  airflow  the  frictional 
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resistance  will  be  less,  if  boundary- layer  flow  laninar,  and  vice 
versa,  if  with  the  sane  Beynolds  nuabers  is  establish/installed 
turbulent  flow,  then  frictional  resistance  it  increases  with  an 
I increase  in  the  turbulence  level. 

By  our  experinents  it  is  shown,  that  it  is  possible  to  attain  a 
re duct ion/ descent  in  the  frictional  resistance  during  turbulent 
boundary-layer  flow.  A reduction/descent  in  the  resistance  is 
achieved  by  the  creation  of  the  local  separation  zones,  in  which  the 
averaged  rate  is  substantially  lower  than  the  rate  in  external  flow. 

Page  259. 

Local  separation  is  created  as  a result  of  the  flows  of  vortex 
foraers,  which  are  oriented  perpendicular  to  external  flow. 

After  vortex  foraer  is  forned  the  vortex  sheet,  and  therefore 
velocity  diagraa  of  surface  of  the  streaalined  body  (h  = 15  an,  b = 

10  ■■,  distance  80  ■■)  it  is  transforaed  in  such  a way  that  on  very 
body  surface  has  characteristic  for  the  so-called  stagnation  zone  the 
section  of  low  speeds  with  the  snail  gradients  of  rate  (Fig.  4) . 

For  testing  the  position  nentioned  above  was  carried  out  weight 


I 
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expecinent  in  xind  tunnel  for  the  purpose  of  research  on  effect  of 

i j|  vortex  forners  on  the  drag  data  of  bodies*  which  were  being  located  J 

I <'■ 

[ in  airflow. 

By  the  subject  of  investigation  selected  tody  of  revolution  80 
■■  in  diaaeter  (Fig.  5),  which  will  ensure  the  exception/e liaination 
of  end  effects.  The  aodel  of  body  of  revolution  consists  of 
forepart/nose,  cylindrical  and  end  parts.  Nose  has  spherical  fora. 

The  length  and  the  conicity  of  the  tail  piece  of  the  body  of 
revolution  is  selected  in  such  a way  that  it  was  possible  to  avoid 
the  separation  phenooeoa,  especially  with  saall  Reynolds  nuabers. 

In  the  cylindrical  part  of  the  body  of  revolution  was  arranged 
J vortex  foraer,  which  it  is  located  from  the  beginning  of  aodel  at  a 

distance  80  am.  The  speed  of  flow  in  wind  tunnel  varies  within  the 
liaits  0-35  m/s. 

The  drag  of  body  of  revolution  is  aeasured  with  the  aid  of 
aerodynaaic  balances.  The  suspension  of  the  aodel  of  body  of 
^ revolution  to  to  aerodynaaic  balances  is  realize/accoaplished  with 

the  aid  of  string  d = 0.2  aa*  that  eliainated  the  effect  of 
suspensions  on  the  drag  of  body  of  revoluticn. 


The  agreeaent  of  the  longitudinal  axis  of  the  body  of  revolution 
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and  direction  of  the  speed  of  flow  is  checked  by  the  oeasuceaent  of 
lift  with  the  aid  of  aecodynaaic  balances.  In  this  case  the  lift  was 
equal  to  zero. 


According  to  the  results  of  experiaent  were  constructed  the 
graph/diagrams  of  the  dependence  of  the  drag  coefficient  of  body  of 
revolution  on  Reynolds  nuaber  tor  the  varied  conditions  of  flow  (Fig. 


Pig.  4.  Diagraa/curve  of  speed  y » f (u)  for  saooth  surface  (1). 
after  vortex  foraer  (2). 
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The  drag  is  determined  for  the  model  of  body  of  revolution  with 
smooth  surface,  separately  with  horse  cellar  d = 0.4  mm  and 
separately  with  vortex  former  with  ratio  h/t  = 1.5,  where  h are  a 
depth  and  b is  width  of  vortex  former.  Here  carried  out  also 
experiments  regarding  drag  during  the  joint  installation  of  horse 
collar  and  vortex  former. 

The  comparison  of  the  drag  coefficient  of  tody  of  revolution 
with  the  smooth  surface  and  of  drag  coefficients  with  vortex  former 
and  by  vortex  generator  indicates  a noticeable  reduction/descent  or 
an  increase  in  the  drag  coefficient  in  the  latter  case.  Figure  6 
shows,  that  during  the  installation  of  horse  cellar  at  a distance  40 
mm  from  the  beginning  of  the  cylindrical  part  of  the  body  of 
revolution  the  drag  will  be  more  than  resistance  for  a smooth  surface 
with  Reynolds  numbers  ?•  10®- 1.  3«  10*. 

During  the  simultaneous  installation  of  horse  collar  and  vortex 
former  with  Reynolds  numbers  4«10*-10*  the  resistance  sharply 
decreases  in  comparison  with  resistance  for  a smooth  surface  and  only 
with  Reynolds  numbers  from  10*  to  1..  3*10*  the  resistance  of  body  of 
revolution  becomes  temporarily  more  than  for  a smooth  surface. 
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Fig.  5.  Model  of  the  body  of  revolution  with  the  cylindrical  forn  of 
the  nose:  1 - vortex  generator  No  1;  2 - vortex  forner  Nq  1;  3 - 
vortex  generator  No  2;  4 - vortex  forner  No  2. 


fig.  6.  Graph/diagran  of  dependence  0;,  * t (Re):  1 - snooth  surface; 

2 - vortex  generator  N,o  1;  3 - vortex  forner  io  1;  4 - vortex 
generator  Nq  1 and  vortex  forner  No  1. 
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Page  261. 

The  resistance  of  body  of  cevoluticn  vith  voctex  foraer  in  all 
range  of  the  nuabers  of  Reynoldss  (froa  4*  1G>- 1.3*10*)  reaains 
saaller  in  coaparison  with  the  resistance  of  body  of  revolution  with 
saooth  surface,  and  is  also  less  than  during  joint  installation 
vixceobrazovatel6- vortex  generator. 

Figure  7 gives  the  results  of  the  experiaents,  aade  for  the  very 
adverse  conditions,  when  after  the  first  vertex  foraer  at  a distance 
80  BB  was  arranged  horse  collar  d = 0.4  aa. 

The  presence  of  this  vertex  generator  noticeably  increased  the 
resistance  of  body  of  revolution  (curve  1);  however,  during 
discovery/opening  of  vortex  foraer  arrange/located  directly  behind 
vortex  generator,  the  drag  of  body  of  revolution  decreases 
approxiaat ely  to  the  initial. 

For  the  study  of  the  effect  of  the  size/diaensions  vortex  foraer 
on  drag  was  aade  the  aodel  cf  body  of  revolution  whose  length  is  710 
an  whose  diaaeter  is  80  aa  with  parabolic  fora  of  nose.  The 
construction  of  vortex  foraer  will  aahe  it  possible  to  change  the 
width  of  the  latter  within  liaits  b/h  = S-O.S,  where  b are  width,  h 
is  a depth  of  vortex  foraer  (h  » const  « 5 an).  Vortex  foraer  was 
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establish/installed  at  a distance  60  ■■  froa  the  beginning  of  the 
cylindrical  part  of  the  body  of  revolution.  The  experiaental 
proceedure  is  the  saae  as  for  the  first  aodel. 


The  results  of  investigations  are  given  in  Pig.  8,  uhere  is 
shown  the  dependence  of  drag  coefficient  on  Reynolds  nuaber  and 
size/diaensions  of  vortex  fcraer. 


?ig»  7.  Gr aph/diagraa  of  dependence  = f (Be);  1 
Ho  1 and  vortex  generator  No  2;  2 - saooth  surface; 
io  1 and  Ng  2 and  vortex  generator  Ho  2. 


vortex  foraer 


3 


vortex  foraer 
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Page  262. 

Hith  ratio  b/h  = 5-3  and  Reynolds  nuabcrs  4* 10*- 1- 2*1 0*,  the 
resistance  of  body  of  revolution  with  vortex  foraer  is  aore  than  for 
a saooth  surface.  With  ratio  b/h  > 2.5-2  and  Reynolds*  nuabers 
4*10*-8*10*,  the  resistance  of  body  of  revolution  with  vortex  foraer 
sharply  decreases  and  becoaes  less  than  for  a saooth .surf ace,  and 
only  with  large  Reynolds  nuabers  resistance  beccaes  greater  than  for 
a saooth  surface. 


The  resistance  of  body  of  revolution  with  vortex  forners, 
relative  s ize/diaensions  of  which  b/h  = 1'.  5-0.5,  will  render/show 
saaller  than  for  a saooth  surface  with  all  range  of  Reynolds  nuabers. 


The  saallest  resistance  of  body  of  revolution  will  render/show 
with  the  relative  size/diaersicn  of  vortex  forxer  b/h  = 0.8.  Mith  the 
further  decrease  b/h  t^  resistance  of  body  of  revolution  with  vortex 


foraer  will  increase  .^Figure  9 gives  the  dependence  of  the  increase 
of  drag  coefficient  froa  the  relative  size/diaension  b/h  for 
different  Reynolds  nuabers. 


By  analyzing  the  obtained  dependences,  it  is  possible  to  show 
that  with  an  increase  in  the  relative  size/diaension  b/h  the  increase 
cf  drag  coefficient  decreases. 


1 
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Fig.  8.  Gcaph/dlagraa  of  dopendonco  > f (Se,  b/h)  : 1 - tho  saooth 
body  sarface  of  rotation;  2 - vortex  foraer  b/h  = 5 (h  = 5 aa)  ; 3 - 

b/h  = 4;  4 - b/h  * 3;  5 ” b/h  * 2.5;  6 - b/h  = 2;  7 - b/h  * 1.5;  8 - 

b/h  » 1.0;  9 - b/h  = 0.8;  10  - b/h  » 0.5. 


Page  263. 

The  aaxiauB  gain  of  drag  coefficient  is  achieved  at  b/h  « 0.8  in  the 
range  of  Reynolds  nuabers  4«  10*- 1. 2* 10*.  Nith  saall  Reynolds  naabers 
(4«10*'8«1 0*)  the  increase  of  the  drag  coefficient  is  sore  intense 
than  for  leynolds  nuabers  froa  8*  10*  to  1.2*10*. 


/' 

/ 
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Fig.  9,  Graph/diagraa  of  dependence  AC»=/(Re. 1 - Be  = 
6*10»;  3 - 8*10*;  4 - 10*;  5 - 1.2*10*. 
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S ELECTBICAL  SINOLATION  OF  THE  PLOH  AROUND  OF  THE  HINGS  OF  INFINITE 

SPAN  AND  MAGNETIC  SIMULATION  OF  FINITE-SPAN  HINGS. 

G.  A.  Rj^zanov. 

(Leningrad) . 

Page  264. 

The  electrical  simulation  of  flat/plane  circulatory  flows  can  be 
based  on  straight  line  and  indirect  elect rohydrcdynamic  analogies.  In 
I the  first  case  of  speed  corresponds  the  strength  of  stationary 

electric  field  in  conducting  mediuw 

Vx  Vj/  IS  j/, 

in  the  second  - the  vector,  to  equal  vectoc  E in  value,  but  component 
with  it  angle  90<*: 

Ux  -*  By-,  Vy-*  Ey.  (2) 

Respectively  the  airfoil/profile  of  body  they  sinulate  by  dielectric 
or  suppleaentary  electrode  [9].  The  direct/straight  analogy  aakes  it 
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possible  icre  accurately  to  deteraine  speeds  on  the  airfoi 1/pc ofile 
of  body  and  is  preferable. 

Since  the  circulation  flow  of  liquid  does  not  have 
direct/straight  analog  in  the  electric  field,  created  by  electrodes, 
usually  it  they  reproduce  artificially  with  the  aid  of  supplenentary 
busbar/tires,  which  seriously  coaplicates  experiaent  [9,  11,  12]. 
This  it  is  possible  to  avoid,  if  we  use  the  vortex/eddy  electric 
field,  which  surrounds  the  toroidal  electroaagnet  whose  winding  is 
included  in  alternating  current  circuit  [3,  4 ].  Uhen  using  the 
conducting  plates  electroaagnet  they  insert  in  the  hole,  which 
iaitates  airfoil/profile,  and  excited  by  it  in  conducting  aediua 
induction  electric  field  it  serves  as  the  natural  analog  of 
circulatory  flow,  nodel  turned  out  to  be  that  which  was  coupled  with 
alternating/variable  magnetic  flux  and  forts  seeaingly  secondary 
winding  of  step-down  transforaer. 

Page  265. 

In  this  case  the  effective  value  of  circulation  integral  of  the 
vector  E on  any  duct,  which  covers  airf cil/prof lie,  has  constant 
value.  By  regulating  current  strength  in  the  nagnetizing  aagnet 
winding,  it  is  possible  to  satisfy  the  condition  of  zhnkovstiy  - 
Chaplygin,  as  criterion  of  whoa  serves  the  bias  of  the  second 
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critical  point  to  trailing  edge  or  the  eguaiit}  o€  the  speeds  on  the 
upper  and  lower  sides  o£  wing  in  infinitely  close  to  it  points. 


Electrohydrod ynasic  analogy  is  spread  only  to  the  region* 
occupied  with  conducting  aedius,  and  therefore  the  eddy /vortex  of 
electric  field*  localized  in  aagnet  core*  it  is  not  the  analog  of  the 
connected  vortex  flow  of  liguid.  The  guestion  is  only  coapiling 
circulation  integral  of  the  vector  E around  airfoil/profile*  the 
position  of  electroaagnet  not  having  a value.  Its 
displaceaent/Boveaent  within  airfoil/profile  does  not  change  the 
coupled  with  aodel  aagnetic  flux  and*  conseguently*  also  the 
structure  of  electric  field.  Boundary  conditions  on  airfoil/profile* 
circulation  integral  of  the  vector  E and  the  strength  of  undisturbed 
field  in  this  case  do  not  change. 


The  realization  of  Zhukovskiy  - Chaplygin's  condition  without 
suppleaentar y electrodes  aakes  it  possible  to  apply  as  conducting 
■ediun  the  plates  of  aluainue  foil  * considerably  sore  uniforn*  than 
electro-conductive  paper*  and  substantial  to  raise  the  accuracy  of 
the  neasurenents  of  field. 


FOOTNOTE  */.  is  utilized  the  released  by  industry  foil* 
paper  ("  masked"  on  paper).  ENDFOOTMOTE. 
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In  the  departaent  of  physics  of  the  LIVTa  developed  device 
(electro-integrator  of  rotational  field),  which  aakes  it  possible  to 
investigate  on  one  plate  of  foil  200  x 50  ca  in  size/diaension  the 
circulation  flow  about  the  winged  airf cil/prof ile  in  unrestricted 
flew  at  angles  of  attack  0 and  90*’.  This  is  achieved  by  a change  in 
the  direction  of  the  external  field,  which  iaitates  the  incident 
flow,  whereupon  the  effect  of  the  boundar y/interf aces  of  plate  with 
airfoil  chord  into  40-50  ca  virtually  is  eliminated. 

Coabining  data  of  these  two  experiments,  it  is  possible  to 
obtain  the  distribution  of  relative  speed  for  any  assigned  angle  of 
attack 

E E ^ 

y®  = cos  u -r sin  u,  (3) 


where  £|,  and  are  electric  intensities  on 
the  longitudinal  and  transverse  feed  nodes  of 
are  the  corresponding  to  then  strength  of  the 


airfoil/profile  during 
aodel,  a 'Eon  £o  j. 

undisturbed  field. 
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measured  before  the  formation  of  hole.  Analogous  mith  this  the 
dimensionless  circulation  is  determined  by  the  relationship/ratio 


ro  ^ ^ j. 

r®  = —= — cos  a — sin  a, 


(4) 


where  and  - the  corresponding  electromotive  forces,  which 

appear  in  the  duct,  coupled  with  magnet  core,  but  is  a chord  of  the 
hole,  which  imitates  airfoil/profile. 

Page  266. 

^ n 

Schematic  diagram  is  shown  in  Fig.  1,  where  ^ - are  switches,  r 
- joints,  Jl  - the  plate  of  foil,  t,  - electromagnet,  e - electrodes,  B 
~ the  resistance  of  channels,  and  9^ is  a double  probe  for  the 
measurement  of  the  strength  of  field.  Mith  the  aid  of  the  pressing 
steel  frame,  on  which  are  fastened  the  isolated/insulated  from  it 
evenly  distributed  brass  electrodes  e,  against  the  plate  of  aluminum 
toil^  is  pressed  framework  abed  from  the  copper  wire  whose  diameter 
is  selected  depending  on  the  thickness  of  foil,  whereupon 
consecutively  with  electrodes  e is  included  resistance  R,  by  two  or 
three  of  order  exceeding  the  specific  skin  drag  of  foil.  In  the 


J 
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■iddle  ot  the  conductiog  plate  is  cut  out  the  bole,  which  imitates 
airfoil/profile  so  that  its  chord  would  be  parallel  to  edges  be  and 
ad.  After  include/connecting  model  in  circuit  with  the  aid  of  the 

ed-, 

electrodes,  arrange/located  along  sections  ab  and  they  reproduce 

the  flow  about  the  airf oil/ptof ile  at  angle  of  attach  0®.  In  this 
case  the  electrodes,  established/installed  along  sides  be  and  ad, 
disconnect  from  external  circuit,  and  are  utilized  these  sections  of 
the  framework  only  for  the  elimination  of  the  effect  of  the 
boundary/interfaces  of  the  conducting  plate. 

Since  the  resistance  of  copper  wires  has  the  same  order,  as  the 
resistance  of  the  plate  of  foil,  and  they  consume  considerable 
current,  them  they  connect  to  the  terminals  of  external  circuit  with 
the  aid  of  the  wires  of  the  same  cross  section  whose  length  is 
regulated  so  that  the  contact  of  the  wire  framework  with  the 
conducting  plate  before  the  formation  of  hole  would  not  disturb  the 
uniformity  of  electric  field. 
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For  this  the  ratio  of  the  length  of  lead  wires  to  the  length  of  sides 
be  and  ad  must  be  equal  to  the  ratio  of  the  total  resistance  of  the 
feeding  channels  R to  the  resistance  of  the  conducting  plate. 

cd, 

Then  the  electrodes,  arrange/located  along  sections  ab  and  CXi^ 
disconnect  from  the  terminals  of  external  circuit,  and  instead  of 
them  they  connect  the  electrodes,  arrange/located  along  the 
longitudinal  sides  be  and  ad.  Since  they  are  included  consecutively 
with  equal  resistance  and  currents  in  their  channels  are  equal,  in 
the  rectangular  conducting  plate  appears  the  uniform  the  electric 
field,  which  corresponds  to  the  incident  flow  at  the  angle  of  attack 
of  airfoil/profile  90®.  Wires  be  and  ad  smooth  the  discrete  character 
of  feed/supply.  And  in  this  case  the  wire  framework  abed  compensates 
for  the  effect  of  the  boundary/interfaces  of  the  foil;  its  transverse 
sides  are  included  in  circuit  with  the  aid  of  the  wires  of  the  same 
cross  section,  whereupon  the  ratio  of  their  length  to  the  length  of 

ad 

sides  ab  and-€^Bust  be  equal  to  the  ratio  of  the  total  resistance  of 


channels  R to  the  resistance  of  model  in  this  feed  node 
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Figure  2 gives  the  chord  diagrams  of  relative  speed  for 
airfoil/profile  NACA  4412,  obtained  in  one  of  the  control 
experiments. 
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Key:  (1).  Theoretical  curve.  (2).  Erperiaent.  (3).  Sucking  side.  (4). 
Forcing  side. 


Page  268. 

Figure  3 shows  the  grid  oi  field  at  angle  cf  attack  90®. 

The  described  device  aakes  it  possible  to  sinulate  the  flow 
about  the  airfoil/profile  near  solid  wall  and  free  surface  of  liquid. 
The  procedure,  based  on  the  application/use  of  a vortex/eddy  electric 
field.  Bakes  it  possible  also  to  consider  boundary  layer  effect,  to 
siaulate  the  flow  about  the  annular  wing  (guide  of  nozzle)  and  the 
flow  about  the  airfoil  cascade  [ 1]. 

It  is  known  that  if  we  in  the  region,  occupied  with 
alternating/variable  lagnetic  flux,  arrange  the  conducting  plate, 
then  in  it  will  arise  eddy  currents.  Then  causes  vortex/eddy  electric 
field.  In  the  circular  and  unifor*  plates,  placed  in  unifora  aagnetic 
field  it  is  noraal  to  its  lines  of  force,  the  strength  of  induction 
guasi-'Stat ionary  electric  field  will  satisfy  liqear  law,  and  this 
field  can  iaitate  the  incident  flow  during  the  rotation  of 
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airfoil/profile  in  ideal  fluid.  Cutting  out  in  this  plate  the  hole, 
similar  to  airfoil/profile,  so  as  to  the  center  of  plate  would 
coincide  with  center  of  rotation,  we  will  obtain  the  model  of  the 
turned  flow.  There  is  a possibility  to  separate  its  potential 
component,  created  by  the  induced  quasi-stationary  charges,  and, 

after  measuring  the  caused  potentials,  to  find  the  connected  moment 
of  the  inertia  of  body  [2,  5].  During  the  study  of  the  flow  about  the 
winged  airfoil/profile  into  hole  is  inserted  the  toroidal 
electromagnet  (-£1^  which  has  two  windings  (magnetizing  and 
compensating  for  external  magnetic  field)  , and  with  the  aid  of  its 
rotational  field  is  satisfied  Zhukovskiy  - Chaplygin's  condition 
(Fig.  4).  For  the  elimination  of  the  effect  of  the  external  edges  of 
model  is  applied  two  circular  plates,  isolate/insulated  from  each 
other  by  an  entire  area,  but  connected  by  their  edges.  The  potential 
component  of  electric  field  in  lower  plate  will  serve  as  the 
conformal  mapping  of  the  exterior  of  indused  field. 
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The  described  lethod  aakes  it  possible  to  reproduce  the  turned 
floM  during  the  translational-rotational  notion  of  airfoil/profile 

(flow  about  the  airfoil/protile  of  cycloidal  propeller) . It  suffices 
to  aisalign  the  center  of  rotation  of  airfoil/profile  relative  to  the 

center  of  plate  to  the  distance,  which  corresponds  to  the  relative 
angular  velocity,  equal  to  the  ratio  of  airfoil  chord  to  radius  of  a 
circle,  described  by  center  of  rotation. 

However,  at  the  low  relative  speed  of  airfoil/profile  is 
required  a decrease  in  the  chord  of  hole,  and  then  procedure  changes. 
The  center  of  gravity  of  airfoil/profile  is  coatined  with  the  center 
of  plate,  and  on  the  vortex/eddy  electric  field,  created  by  external 
aagnetic  field,  is  placed  the  cophasal  with  it  unifora  potential 
field,  which  corresponds  to  the  incident  flow  during  the  forward 
notion  of  body.  This  is  reached  with  the  aid  of  the  point  electrodes, 
placed  on  the  edges  of  plate  and  connected  through  equal  resistance, 
by  2-3  orders  exceeding  the  specific  skin  drag  cf  plate.  The  equality 
of  the  currents,  entering  the  aodel,  aakes  it  possible  to  carry  out 
on  its  duct  the  distribution  of  the  function  of  flow,  which 
corresponds  to  unifora  field.  For  this  the  circuaference  of  plate 
they  divide/aark  off  into  even  nuaber  cf  sections  with  the  aid  of  the 
equidistant  straight  lines,  the  parallel  to  the  assigned  direction  of 
field*  and  at  the  points  of  its  intersection  with  odd  straight  lines 
are  establish/installed  electrodes  (Fig.  5).  After  deteraining  the 
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speed  of  the  turned  flow,  it  is  possible  to  find  corresponding  to 
then  pressure  distribution. 

In  the  physical  laboratory  of  LIYTa  is  installation,  in  which 
the  vortex/eddy  zone  of  induction  electric  field  create  Helnholtz* 
rings  1.5  n in  dianeter  and  are  applied  the  plates  of  foil  1 n in 
diaaeter.  By  utilizing  a vortex/eddy  zone  of  induction  electric 
field,  the  external  vortex/eddy  electric  field  cf  toroidal 
electroaag nets  and  the  potential  electric  field,  created  by 
electrodes,  it  is  possible  to  construct  the  nodel  of  radial 
grid/cascade. 
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Page  270. 

Outside  the  region,  streaalined  vith  current,  aagnetic  field  has 
the  single~valued  potential  E,  which  satisfies  the  equation  of 
Laplace,  and  it  can  serve  as  the  aatheaatical  aodel  of  the  flow  of 
ideal  fluid.  By  the  analog  cf  speed  is  the  aagnetic  induction  (vector 
B)  or  aagnetic  field  strength  (vector  H),  the  analog  of  velocity 
potential,  i.e.,  the  corresponding  to  thea  aagnetic  potentials. 

Curing  the  study  of  the  field  of  vertex/eddy  systea  this  analogy 
nates  it  possible  tc  replace  cunbersoae  calculations  according  to  the 
law  of  bio  - savart  with  siaple  experinent  by  the  aodel,  which  is  the 
gecaetrically  siailar  system  of  currents  [8],  the  aagnetic  field  can 
be  constant  or  variable. 

Magnetostatic  field  (or  the  alternating  aagnetic  field  of 
coaaercial  frequency)  can  be  used  also  for  the  simulation  of  the 
streaalined  bodies.  In  this  case  as  the  analog  cf  the  velocity  field 
serves  the  field  of  vector  H in  the  ferroaagnet ic  plate,  which  has 
large  relative  aagnetic  per aeability , with  the  hole,  geone tricall y 
siailar  to  the  airfoil/profile  of  body  [9].  This  model  nates  it 
possible  to  reproduce  the  circulation  flow  about  the  airfoil/profile: 
however,  this  experiaent  is  very  conplex  and  during  the  study  of 
inconpressible  flows  cannot  compete  with  electrical  simulation,  based 
on  the  application/use  of  a vortex/eddy  electric  field.  The 
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applicatioa/use  of  a f eccoaagnetic  aediun  for  the  solution  of 
thcee-diaensional  probleas  encounters  even  larger  difficulties.  At 
the  saae  tine  the  condition  of  nonpassage  logically  is  realized  in 
three-diaensional  aagnetic  field,  if  we  the  aodel  of  body  fulfill 
fron  the  well  conducting  naterial  (copper,  aluainun),  and  field 
frequency  to  raise  to  dozens  kilohertz  [7,  10].  As  a result  of 
surface  effect  (skin  effect)  the  alternating  aagnetic  field  of 
supersonic  frequency  virtually  does  not  penetrate  the  aeta 1 with  high 
conductivity  and  on  the  surface  of  aodel  is  made  the  boundary 
condition 

5,.  = 0.  2.  (5) 

siailar  to  the  condition  of  nonpassage  on  solid  wall.  A good 
conductor  alaost  so  we  nonpenetrate  for  a high-frequency  aagnetic 
field  as  solid  body  for  a fluid  flow. 

The  aodels  of  the  streaalined  bodies  can  be  hollow;  sufficiently 
in  order  that  wall  thickness  would  reach  1 an.  then  it  is  possible  to 
prepare  by  the  aethod  of  electrolytic  plating,  with  the  aid  of 
casting  or  froa  copper  sheet.  During  the  aanufactuce  of  the 
duplicated/backed  up/reinforced  aodel  of  vessel  it  is  possible  to 
coabine  casting  froa  aluainun  and  the  application/use  of  the  latten: 
cylindrical  insert  is  nade  froa  copper  sheet  (ccpper  it  is  bended  out 
on  the  wooden  teaplate/pattern,  which  for  a strength  reaains  within 
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■odei}<«  and  nose  and  forages  - by  casting.  Aluainua  pacts  are 
coppecplated  in  plating  bath  and  are  fixed  cn  to  copper.  The  aodels 
of  finite^span  wings  are  aade  analogously.. 

The  aagnetic  siaulation  of  three-dimensional  flows  has  a series 
cf  essential  advantages  in  coaparison  with  expeciaent  in  electrolyyic 
bath. 

Page  271. 

The  point  induction  sensor  of  aagnetic  field  with  three  coils  allows 
all  three  velocity  coaponent,  and  linear  (Bogowski  loop)  is  its 

potentials.  On  the  surface  of  the  aodel  of  body  it  is  possible  to 
construct  the  lines,  siailac  to  flow  lines  and  to  the  lines  of  equal 
velocity  potential;  it  is  possible  to  deteraine  fluid  flow  rate 
through  the  surface.  Halted  by  the  assigned  duct;  derivative  of 
speed  in  the  direction;  the  caused  potentials,  etc. 

Heasureaents  conduct  in  air,  and  their  accucacy/preclsion  can  be 

high. 

If  the  conducting  aodel  of  finite-span  wing  is  placed  in  the 
external  unifora  aagnetic  field  of  supersonic  frequency  at  the 

assigned  angle  of  attack,  then  the  eddy  currents,  induced  in  its 
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surface  layer,  will  be  the  analog  of  the  bound  vortexes,  which 
replace  by  thenselves  wing  in  fluid  flow  during  its  noncirculating 
flow.  Their  surface  density  jj,  equal  with  an  accuracy  to  constant 
factor  the  surface  rotor  of  eagnetic  field  and  connected  with 
aagnetic  induction  on  the  surface  of  acdel  B|  by  the 
relationship/ratio 

1 1 -♦  u 

= (6) 


where  p - magnetic  permeability  of  medium,  n - external  standard, 
will  serve  as  the  analog  of  the  intensity  of  the  bound  vortexes 

Yi  = Rot^i  = [raj.  V) 


where  v*  - speed  on  wing  surface  during  its  noncirculating  flow. 

Subsequently  with  the  explanation  cf  the  proposed  procedure  of 
simulation  let  us  call  these  surface  eddy/vortices  - first-order 


DOC  = 77060784 


PAGB 


bound  Tortexes. 


PCO.  <7,  it  touo.a  that  i£  .a  oa  .ia,  aatJaca  coaduct  arbiter, 
carte,  then  at  aa,  point  of  it  the  projection  cf  tector  on  the 
direction  of  standard  to  this  carte  (»,.  that  lies  at  the  plane  of 

tangent  to  .in,  sarface,  is  egaal  to  the  projection  of  speed  on  the 
direction  of  curve  (ij  : 

C-  (g) 


thereapon  anit  tectors  t and  t for.  .ith  tector  if  right-handed 

nysten.  si.ilar  relationship/ratio  is  falfiUed  tith  the  nagnetic 
■odel  of  the  Ming: 


‘iJV  ~ 


(9) 


This  aeans  that,  after 
the  Ming  of  the  line  of 


constructing  into  the  surfaces  of  the  aodel  of 
equal  aagnetic  potential,  Mhich  differ  by 
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constant  interval  we  will  break  it  Intc  the 
correspond  to  equal  to  the  circulation  each 
identified  with  the  concentrated  vortex  line  of 


strips,  which 
of  which  can  be 
constant  intensity. 


Page  272. 


The  speed  on  wing  surface  and  the  oagnetic  induction  on  the 
surface  of  its  aagnetic  aodel  are  deterained  by  the 
relationship/ratios 


= [Vi'2];  = .uifVi]-  ' 


UO) 


The  eddy  currents,  which  appear  in  the  surface  layer  of  aodel, 
are  distributed  so  that  their  field  coapensates  for  external  unifora 
field  in  the  region,  occupied  by  the  aodel,  in  the  sane  way  as  the 
field  first-order  of  bound  vortexes  coapensates  for  the  incident  flow 
within  body.  Just  as  first-order  bound  vortexes,  these  currents  are 
closed  on  the  surface  of  the  aodel  of  wing,  and  in  aagnetic  field 
there  is  not  no  one  duct,  for  which  the  circulation  integral  of  the 
vector  B would  be  different  fcoa  zero.  In  the  space,  which  surrounds 
aodel,  the  field  of  these  currents  it  has  single-valued  potential  and 
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serves  as  the  analog  of  the  caused  floii. 

If  the  aagnetic  aodel  of  the  noncirculatory  flou  about  a wing  of 
the  final  spread/scope  directly  reflects  the  aain  features  of  nature, 
th€n  during  the  siaulation  of  three-diaensional  circulatory  flow  the 
situation  is  otherwise.  In  aagnetic  field  there  are  no  factors,  which 
lead  to  satisfaction  of  the  condition  Jcukowski-of  Chaplygin  and 
eaergence  of  the  film  of  free  vortices.  In  order  to  achieve  here  the 
aatheaatical  analogy  of  the  phenoaena,  it  is  necessary  artificially 
to  create  the  vortex/eddy  system  of  aagnetic  field,  siailar  to  vortex 
sheet  and  its  closing  bound  vortexes  (let  us  call  then  second-order 
bound  vortexes),  having  forcedly  subordinated  to  its  laws,  which 
logically  appear  in  fluid  flow.  In  this  case  the  film  of  free 
vortices  aentally  replaced  by  discrete  vortex  lines. 

Since  by  the  aagnetic  analog  of  free  vortex  flow  of  liquid 
conducts  with  current,  to  the  coaing  out  edge  of  the  aodel  of  wing 
they  connect  wiring  systea,  having  in  pairs  connected  them  to  the 
external  (independent  variable)  voltage  sources.  The  resistance  of 
the  acdel  of  wing  vanishingly  little  in  coaparison  with  the 
resistance  of  any  pair  of  these  wire/condoctors  and,  by  regulating 
external  voltages  (on  value  and  phase) , it  is  possible  to  reproduce 
in  space  any  distribution  of  free  vortices  vm.  In  this  case  the 
external  current,  which  flows  in  the  model  of  wing  (in  its  thin 
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surface  layer),  wi 

Let  us  assume 
King  with  the  roun 
vortices  converge 
the  incident  flow. 

Page  273. 

In  this  case  the  w 
along  the  lines  of 
the  criterion  of  t 
condition  serves  t 
components  of  vect 
and  lower  sides  of 
reguirement,  on  th 
immediate  proximit 
establish/ install 
coils  cf  which  are 
consecutively  so  t 
oppositely,  they  f 
symmetrical  model 
an  Increase  in  the 
sensor  will  grow/r 


11  serve  as  the  analog  of  bound  vortexes. 

which  is  required  to  reproduce  flow  around  of  the 
ded  end/faces  (Fig,  6)  on  the  assumption  that  free 
only  frcm  its  trailing  edge  and  are  directed  along 


ire/conductors,  which  imitate  vortex  sheet,  line 
force  of  external  uniforin  magnetic  field,  and  as 
he  reali7ation  of  Zhukovskiy  - Chaplygin's 
he  equality  of  the  normal  (to  trailing  edge) 
or  B at  two  infinitely  close  points  on  the  upper 
the  model  of  wing.  In  order  to  fulfill  this 
e upper  and  lower  sides  of  the  model  of  wing  in 
y of  its  trailing  edge  and  of  each  other 
two  identical  induction  sensors,  the  planes  of 
parallel  to  trailing  edge.  Curing  their  connection 
hat  appearing  in  them  emf  would  be  directed 
ora  the  differential  transmitter  whose  readings  on 
at  zero  angle  of  attack  must  be  equal  to  zero.  Vith 
angle  of  attack  the  output  pctential  of  this 
ise,  having  the  greatest  value  in  maximum  cross 
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section  of  model.  Sensor  is  establish/installed  against  the  points 
which  lie  accurately  in  the  middle  between  wire/conductors  and  by 
successive  approximation  are  selected  in  them  such  currents,  by  wh 


its  readings  are  everywhere  egual  to  zero'„  Ihe  values  of  these 
currents  make  it  possible  to  judge  the  distribution  of  dimensionless 


circulation  according  to  spread/scope.  Figure  7 gives  the  results 
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Page  274. 

Vector  B on  the  surface  of  aodel  measure  with  the  aid  of  the 
induction  sensor,  which  contains  two  mutually  perpendicular  coils  and 
relate  its  values  to  the  induction  of  the  undisturbed  uniform 
magnetic  field.  The  obtained  on  them  pressures  are  close  to  the 
results  of  blasting  in  wind  tunnel.  Agreement  tecomes  even  more 
complete,  if  we  imitate  free  vortices,  which  descend  from  the 

end/faces  of  wing,  after  selecting  the  appropriate  currents  from  the 
condition  of  the  equality  of  zero  component  of  vector  B,  normal  to 
the  line  of  the  descent  of  these  edd y/ vortices.  During  the  simulation 
of  flat-topped  wing  their  effect  becomes  essential. 

For  transfer  to  the  nonlinear  formulation  of  the  problem,  it  is 
necessary  to  change  the  form  of  wire/conductors  in  order  that  at  the 
indicated  above  points,  besides  the  equality  of  zero  components  of 


vector  B,  normal  to  trailing  edge,  and  the  corresponding  condition  on 
end/faces,  would  occur  the  equality  of  vectors  P on  nodule /mod ulus. 
Furthermore,  it  is  necessary  to  carry  out  equality  zero  of  normal 
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coaponent  of  vector  B on  an  entire  surface,  which  iaitates  vortex 
sheeto 


By  utilizing  flat/plane  fatten,  it  is  possible  to  siaulate  flow 
around  of  the  wing  near  screen. 

By  the  department  of  physics  of  LIVT  is  developed  the  device,  in 
which  the  range  of  uniform  of  magnetic  field  has  a volume  of 
approximately  5 m^,  and  vortex  sheet  they  imitate  20  wire/conductors 
(their  number  can  be  increased). 
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